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[SUBJECT] 

The breeding of the microorganism which has 
L- methionine producing ability is carried out, 
and L- methionine is produced by the 
fermentation method using the same 
microorganism. 



02/06/20 



3/73 



(C) DERWENT 




JP2000-139471-A 



-Tt J 'ssv y*yv t 

^tyyft Kn^t-t' II 



THOMSON 

—j y t 

DERWENT 

[SOLUTION] 

Microorganisms defective in the repressor of L- 
methionine biosynthesis system, and/or, 
intensified in an intracellular homoserine 
transsuccinylase activity 
preferably, weakened in an intracellular S- 
adenosylmethioine synthetase activity, showing 
L- threonine requirement property, and 
intensified in the intracellular cystathionine 
(gamma)- synthase activity and the 
aspartokinaze - homoserine dehydrogenase II 
activity are cultured in a medium. 

L- methionine is made to produce-accumulate 
in a medium. L- methionine is produced by 
collecting this from this medium. 



[CLAIMS] 



[mm i ] [claim 1] 

L — =5-jr=- y&af&^k <D V 7° Microorganisms defective in the repressor of L- 

i/vf—teX^l- fi*~o L— methionine biosynthesis system and having L- 

* methionine Producing ability. 



[»**2] 

7 y=- y —if Wfe&lim Z ti, 
3 ] 



[CLAIM 2] 

Microorganisms intensified in an intracellular 
homoserine transsuccinylase activity and 
having L- methionine producing ability. 



[CLAIM 3] 

Microorganisms defective in the repressor of L- 
methionine biosynthesis system, and intensified 
in an intracellular homoserine transsuccinylase 
activity and hawing L- methionine producing 
ability. 



[f»#S4] 



[CLAIM 4] 

Furthermore microorganisms given in any one 
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^!r*^_ S : 7 ^^ ° f C ! aims 1 "3 which weakened the intracellular 
> t^-_yyy Tr ^^^^ S-adenosylmethioine synthetase activity 
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L-^^^"->,t S-TxV ~> 

^ '> = 7 -if Sr««pf 5 If* 
II 1 Xit 4 {C|5«(75^^ 0 



[CLAIM 5] 

Microorganisms of Claims 2-4, wherein 
Intensification of a homoserine transsuccinylase 
activity ia based on by raing the number of 
copies of the gene which codes the above- 
mentioned microorganisms intracellular 
homoserine transsuccinylase, or intensifying 
the expression control sequence of said gene. 



[CLAIM 6] 

Microorganisms of Claim 1 or 4 holding the 
homoserine transsuccinylase by which the 
concernedjnhibition by L- methionine and the 
S-adenosylmethioine was released. 



7 ] [CLAIM 7] 

L l/t-yfttt|-/Tt: L- threonine request property is shown. 

t %W$.bir Sffjfc^l ~6 (D Microorganisms described in any 1 item of 

^Tti^-m^m<DW^ 0 Claims 1 - 6 characterized by the above- 
mentioned. 



[!i*Jl8] 

i-— &-7)s^r± y yft YnJf 
1— £ II St£^±i3££ftfcf#* 
1 - 7 ^-f tL^-3l(Ct5ic 

[ft*3l9] 

Wtfc 1-5 If 1 ~ 8 (D^-f 



[CLAIM 8] 

Microorganisms described in any one of Claims 
1-7 wherein the intracellular cystathionine 
(gamma)- synthase activity and the 
aspartokinaze -homoserine dehydrogenase II 
activity were intensified. 



[CLAIM 9] 

It belongs to an Escherichia genus. 

Microorganisms described in any 1 item of 
Claims 1-8 characterized by the above- 
mentioned. 



[ft #11 1 0 ] 



[CLAIM 10] 



§1*111-9(7)^^^^-11^ A manufacturing method of L- methionine, in 



02/06/20 



5/73 



(C) DERWENT 



JP2000-139471-A 



1 1 ] 

mm% 2 6 i^-rr $ y 

296 yp^v'y^t y ^ 

fcfift1-3££, 298 {&CQ7°n 

y y^n^->yi;ilt5t 
a >f i/yj&S-tr y V\Z.m.%-f^ 

A. 296 {i<D-r yn^^t 

y ^KSJfeLi&^o 298{4©7°p 

y >-^p-r v^fcfijfei-sse 

A, 298&©:/p y ^UnsO/ 
yicfiL^o 27 fi©7;^ 

I> Xfi> 27{4©T/W^r=-^^ 
S^x^ ^fcS&U 296 m.(D 

4 yn4isi/t>i± y ^(cW^b 
;o v o298$:0):/p y y^n-Y-> 

>i;:g&-f 5 / £M©</ v f;^^£ i i- 
*l^•t5^££ ; ft-r5T5y® 
k^j^u L-y^=^t 

5 -7r/v//^ft-ytJ; 

y y F7^t^ 7— if 
= - KtSDNA. 



THOMSON 

■ 3ff ,m 

DERWENT 

which microorganisms described in any 1 item 
of Claims 1-9 are cultivated to a culture 
medium. 

In a culture medium, L- methionine is made to 
produce-accumulate and this is collected from 
this culture medium. 

[CLAIM 11] 

In the amino acid sequence shown in sequence 
number 26, it has the amino acid sequence 
which has the mutation which carries out an 
equivalent to any one of the mutation which 
arginine of the 27th position substitutes to 
cysteine, the mutation which isoleucine of the 
296th position substitutes to serine, the 
mutation which the proline of the 298th position 
substitutes to a leucine, the mutation which 
arginine of the 27th position substitutes to 
cysteine, and isoleucine of the 296th position 
substitutes to serine, the mutation which 
isoleucine of the 296th position substitutes to 
serine, and the proline of the 298th position 
substitutes to a leucine, the mutation which the 
proline of the 298th position substitutes to a 
leucine, and arginine of the 27th position 
substitutes to cysteine, Or, the mutation which 
arginine of the 27th position substitutes to 
cysteine, and isoleucine of the 296th position 
substitutes to serine, and the proline of the 
298th position substitutes to a leucine. 

DNA which codes the homoserine 
transsuccinylase in which the 
concernedjnhibition by L- methionine and the 
S-adenosylmethioine was released. 



[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1 ] 



[0001] 



mwomtz&mftm [technical field] 

*mWlts 38BH5fcteJ:5L— / This invention relates to the manufacturing 
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^*-y(DmmmzMi-Z>o L method of L- methionine by the fermentation 

mmmtLX method. 
JtUfftT 5 V g|Tj s &>.5 0 L- methionine is an amino acid important as a 

pharmaceutical etc. 

10 0 0 2] [0002] 



[«0«] 

X 

^HtUN-7tf^-DL- 
[0 0 0 3] 

fLltL-*T* 

^ y (Escherichia coli (E. coli) ) 

fR&$BB§5 6-35992 

(Chattapadhyay, M. K. 
et al., Med. Sci. Res. 23, 775 
(1995), Chattapadhyay, M. K. et 
al., Biotechnol. Lett. 17, 567- 
570 (1995)) Kl«££jh,T^3 



[PRIOR ART] 

DL object with which methionine is industrially 
manufactured by chemo synthesis becomes the 
center. 

When a L-form is required, it carries out that it is 
acetylated of this DL object, and it considers as 
N-acetyl- DL-methionine. 

It manufactures by carrying out the 
deacetylation only of the L-form enzymatically. 

[0003] 

On the other hand, about manufacture of L- 
methionine by the fermentation method, the 
method of using a methionine analog resistant 
mutant is reported. 

However, throughput is few. Moreover the 
factor which affects L- methionine production is 
not clear. Therefore, fermentation production is 
the most difficult. It is one of the amino acids. 

For example, the method using K-12 strain 
(Escherichia coli (E. coli)) of Escherichia * coli 
is reported to the laid-open (Kokai) patent 
application number Showa 56-35992 or 
reference (Chattapadhyay, M.Ketal., 
Med.Sci.Res.23,775 (1995), Chattapadhyay, 
M.Ketal., Biotechnol.Lett. 17,567-570 (1995)). 

However, all of the throughput of L- 
methionine were inadequate for usinq 
industrially. 



[0 0 0 4] 
E. coli fc&v ^(2, L - ^ 



[0004] 

E. In coli, the biosynthesis route of L- 
methionine is as common as the biosynthesis 
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irU yh7^f 
(HTS) icio 

(Lee, L.-W. et 
Chem.241, 
(1966)) 0 
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al., J. Biol. 
5479-5480 
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route of L- threonine in part. 

L- homoserine becomes the common 
intermediate. 

The first stage of the intrinsic route to L- 
methionine is catalysed by the homoserine 
transsuccinylase (HTS) from L- homoserine. 

However, it is known that said enzyme will 
receive the concernedjnhibition by the S- 
adenosylmethioine which is the metabolite of L- 
methionine and L- methionine which is a final 
product (Lee, L.-W.etal., J.Biol.Chem.241, 
5479-5480 (1966)). 



[0 0 0 5] 

E. coli W^ir yvY? isx-fr 

■?T**>5 metAia^iJtt, p 

( Duclos, B. et al., Nucleic 
AcidsRes. 17, 2856 (1989)), 
metA ©JgJ|*|c©»W£Ol>"C 

Xfo &a-/ f-fr- DL-^f 
ir^-y (MM) \ztt-rz>WW£* 

(Chattopadhyay, M. K. et al., 
J. Gen. Microbiol. 137,685-691 
(1991 )) 0 Ud»U MMf=H4tt<£> 
metA Jte^aifcT? 
y V h y l/^V i/=-y— if 
#\ L-^ft=yiS-7f 
/->/M5^d-~> (SAM) \z 

£ A (Salmonella typhimurium) 
(djol/^Tft £ tl "C 5 ri 5 
(Lawrence, D. A. et al., J. 
Bacteriol. 109, 8-11 (1972)), £ 

metA ae^w^siayijw 



[0005] 

E. metA sequence which is the gene which 
codes the homoserine transsuccinylase of coli 
is reported by Duclos et al. (Duclos, B.etal., 
NucleicAcidsRes.17, 2856(1989)), the method 
of having utilized resistance with respect to 
(alpha)- methyl- DL-methionine (MM) which is 
the analog of L- methionine, also with 
acquisition of the mutant of metA is known. 
(Chattopadhyay, M.Ketal., 
J.Gen.Microbiol.1 37,685-691 (1 991 )). 

However, the homoserine transsuccinylase 
.which is metA gene product of MM resistant 
strain serves as the obstruction releasing type 
by L- methionine and the S-adenosylmethioine 
(SAM). This report is made in the Salmonella * 
typhimurium (Salmonellatyphimurium) 
(Lawrence, D.A.etal., J.Bacteriol.109, 8-11 
(1972)). There is no report of the base 
sequence of a variant metA gene. 

Furthermore, it is reported that the 
independent mutant of metA does not emit L- 
methionine. (Chattopadhyay, M.Ketal., 
J.Gen.Microbiol.1 37,685-691 (1 991 )). 
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*ftf±fcv* 0 Zhfcs metA O 

(Chattopadhyay, M. K. et al., 
J. Gen. Microbiol. 137, 685-691 
(1991)). 

[0 0 0 6] 
metA &-£ae>T, *^i?y>h 

fits metJ »{5^^tiT*fe-5 y 7° 

(Greene, R. C, Biosynthesis 
of Methionine, in "Escherichai 
coli and Salmonella Cellular 
and Molecular Biology/Second 
Edition", ed. Neidhardt, F. D., 
ASM Press, pp. 542-560 
fc1996).) 0 meU3te^tt % L- 

metB itfe^-t, 

i— £ll (AK-HDII) £=z- 
Ki"5 metL ct/^fbfr-S metBL 

(Duchange, N.et al., J. Biol. 
Chem. 258, 14868-14871 
(1983)) D 
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[0006] 

It is clear that an expression of the enzyme 
gene of the intrinsic biosynthesis path of L- 
methionine after reaction by the homoserine 
transsuccinylase receives the inhibition by the 
repressor which is metJ gene product, including 
metA - (Greene, ' R.c 

BiosynthesisofMethionine. j n ' 

"EscherichaicoliandSalmonellaCellularan 
dMolecularBiology/SecondEdition", 
ed.Neidhardt, F. D., ASMPress, pp542- 
560(1996).). W 
metJ gene is knows to contact metBL operon 
which consists of the metB gene which codes 
the second enzyme cystathionine (gamma)- 
synthase of the intrinsic biosynthesis path to L- 
methionine, and metL which codes the 
aspartokinaze - homoserine dehydrogenase II 
(AK-HDII), in a reverse direction adjacently 
(Duchange, N.etal., J.Biol.Chem.258, 14868- 
14871 (1983)). 



[0 0 0 7] 

L-^ft->^t)S-77y 

metKji, ^ae^tffcsr 
t&TF&ZtiX},^ (Greene, 
R- C, Biosynthesis of 



[0007] 

It is suggested that metK which codes the S- 
adenosylmethioine synthetase which catalyses 
metabolism reaction to the S- 
adenosylmethioine, from L- methionine is an 
essential gene. (Greene, R.c, 
BiosynthesisofMethionine. j n ' 
"EscherichaicoliandSalmonellaCellularan 
dMolecularBiology/SecondEdition", 
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Methionine, in "Escherichai coli 
and Salmonella Cellular and 
Molecular Biology/Second 
Edition", ed. Neidhardt, F. D., 
ASM Press, pp. 542-560 
(1996)). metK(D«* 

b h T ^ 5 t i t C 
(Chattopadhyay, M. K. et al., 
J. Gen. Microbiol. 137, 685-691 
(1991)), L-^^-^mD® 

-5 (Greene, R. C. et al., J. 
Bacterid. 115, 57-67(1973), 
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ed. Neidhardt, F. D., ASMPress, pp.542- 560 
(1996)). 

Moreover, DL-norleucine, the ethionine, etc. 
boiling the mutant of metK methionine analog 
resistant, and being obtained more is known 
(Chattopadhyay, . M.Ketal., 
J.Gen.Microbiol.1 37,685-691 (1991)), and also 
rasining an expression of the enzyme of the 
intrinsic biosynthesis path to L- methionine is 
reported (Greene, R.C.etal., J.Bacteriol.115, 
57-67 (1973).) 



[0 0 0 8] 



[0008] 



M) 



[PROBLEM ADDRESSED] 

As mentioned above, there is a certain amount 
of report about the enzyme which participates in 
L- methionine biosynthesis, or its gene. 

However^ almost all the findings directly 
connected with fermentation production of L- 
methionine are not obtained. Almost all 
application to L- methionine producing-microbe 
breeding is not made. 



[0 0 0 9] 

f> jN£ LX L - * y£M 



[0009] 

This invention was made in view of the above 
present condition. 

The factor which affects L- methionine 
production is clarified. The breeding of the L- 
methionine producing microbe is carried out. It 
aims at potentiating production of L- methionine 
by the fermentation method. 
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[H^?r^^:1-57t*0^] [SOLUTION OF THE INVENTION] 

*%W%L>lt, ±§£l£Jlf£#?&: The present inventors examined repeatedly 

-f-5 /cfefcfJS^fT^fi&fc^ zealously, in order to solve an< above subject 
^ 5 IdMo fc 0 ll came t0 P erfe ct this invention as a result. 
■ftafrh^m it, £XT(D t & Tnat is " this invent ''on is as follows. 

I0 0 11] [0 011] 

(1) L-^^^^>^m d) 
<DV -fv v iy- £4;£lU/^o, Microorganisms which is defective in the 
L ~* ytkmmZ^f-fZ repressor of L- methionine biosynthesis system, 

and, has L- methionine producing ability. 

Microorganisms which intensifies an 
intracellular homoserine transsuccinylase 
activity and have L- methionine producing 
ability. a 

(3) 

The microorganism which is defective in the 
repressor of L- methionine biosynthesis system 
intensified in an intracellular homoserine 
transsuccinylase activity, and, has L- 
methionine producing ability. 

[0012] 

(4) 

Furthermore one microorganisms of above- 
mentioned (1) - (3) which weakened the 
intracellular S-adenosylmethioine synthetase 
activity. 

(5) 

Intensification of a homoserine 
transsuccinylase activity is based by enhancing 
the number of copies of the gene which codes 
the above-mentioned microorganisms 
intracellular homoserine transsuccinylase, or by 
intensifying the expression control sequence of 
said gene. Microorganisms of (2)- (4). 

Microorganisms given in (1) or (4) holding the 
homoserine transsuccinylase by which the 
concemedjnhibition by L- methionine and the 
S-adenosylmethioine was released. 



[0 0 12] 

(4) ££>«flUfeft<?)S-Tx 

^'I4^ii^tfettif2(i)~(3) 

(5) y is h7^t ^ 

hZ> (2) ~ (4) <D'&±® 0 

(6) L-/f>yt=->t S-T 

5 (i) xii (4) izmm<DU 
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(7) L-^^a|-=yS#i44: 

/Tntmtts (1) ~ 

(6) <m^tL/J^«t> 0 

(8) mW^<D f y7,9^ir~y 

(l) ~ (7) (DV^-fix^tf) 

(9) i->x y tTM(-S1-5 
^b*Wmti-Z> (l) ~ (8) 

[0 0 13] 

(1 0) itufE (1) ~ (1 0) 
b*»-t-5 r <b t -r 



[0 0 14] 

(ii) @a»-§-2 

296&0M yo^->y 

tfS-fey VlClKft-t-SJEH, 298 
'SXTJ ytit L£>o 296 {4 

©^yo-f ~»^ir y y^aife 
■f-sKJl, 296 {tow yo^-> 
y^-ir y ^f^itift L7)>o 298 & 

<D7°o y ^^P^;>y^g^-f 

-y^g&L/^o 27 {icor 

Xtt, 27 tiLtoTAt*- 
y^^f^fyClil, 296 

te<7M yo/fi/y^tu y^m 
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L- threonine request property is shown. 

One microorganisms of (1) - (6) which are 
characterized by the above-mentioned. 
(8) 

Microorganisms of either (1) - (7) with which 
the intracellular cystathionine (gamma)- 
synthase activity and the aspartokinaze (-) 
homoserine dehydrogenase II activity were 
intensified. 
(9) 

It belongs to an Escherichia genus. 
One microorganism of (1)- (8) characterized 
by the above-mentioned. 



[0013] 

(10) 

The microorganisms of either above-mentioned 
(1) - (10) are cultured to a medium. 

In a medium, L- methionine is made to 
produce-accumulate and this is collected from 
this medium. 

The manufacturing method of L- methionine 
characterized by the above-mentioned. 

[0014] 

(11) 

In the amino acid sequence shown in 
sequence number 26, it has the amino acid 
sequence which has the mutation which carries 
out an equivalent to any one of the 

Mutation which arginine of the 27th position 
substitutes to cysteine, Mutation which 
isoleucine of the 296th position substitutes to 
serine, Mutation which the proline of the 298th 
position substitutes to a leucine, Mutation which 
arginine of the 27th position substitutes to 
cysteine, and isoleucine of the 296th position 
substitutes to serine, Mutation which isoleucine 
of the 296th position substitutes to serine, and 
the proline of the 298th position substitutes to a 
leucine, Mutation which the proline of the 298th 
position substitutes to a leucine, and arginine of 
the 27th position substitutes to cysteine, or, 
mutation which arginine of the 27th position 
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-t?£=r- Kt5DNA 0 

[0 0 15] 
^/W^f-^^^ rSAMj, a 

£ THTSj t^?ZttfhZ> 0 
%.tc, E. coli <D metB aUS^-ll 

metLiHS^-j^ \r*s< 
ft* Y if - y ^ t 

KP^t- tfllj &AK-HDII 
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substitutes to cysteine, and isoleucine of the 
296th position substitutes to serine, and the 
proline of the 298th position substitutes to a 
leucine 

DNA which codes the homoserine 
transsuccinylase by which the 
concernedjnhibition by L- methionine and the 
S-adenosylmethioine was released. 

[0015] 

In this specification, 

The S-adenosylmethioine may be called 
"SAM", (alpha)- methyl-DL-methionine may be 
called "MM". DL-norleucine may be called "NL". 

Moreover, the S-adenosylmethioine 
synthetase may be called "SAM synthetase". 
The homoserine transsuccinylase mav be 
called "HTS". 

Moreover, the metB gene-product 
cystathionine (gamma)- synthase of E.coli may 
be called "cystathionine synthetase". metL gene 
product "the aspartokinaze (-) homoserine 
dehydrogenase II" may be called AK-HDII. 



[0 0 16] 
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[0016] 

In this invention, "L- methionine producing 
ability" means the capability which accumulates 
L- methionine in a medium, when culturing the 
microorganisms of this invention to a medium. 



[0017] 



[Embodiment] 

Hereafter, this invention is demonstrated in 
detail. 

Microorganisms of this invention, is 
microorganisms which is defective in the 
repressor of L- methionine biosynthesis system, 
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and have L- methionine producing ability, Or, is 
the microorganisms which intensified an 
intracellular homoserine transsuccinylase 
activity and have L- methionine producing 
ability. 

It is preferable that the microorganisms of this 
invention is defective in the repressor of L- 
methionine biosynthesis system, and intensified 
an intracellular homoserine transsuccinylase 
activity. 

Furthermore, it is preferable that the 
microorganisms of this invention weakened 
SAM synthetase activity in a cell. 



[0018] 

As the above microorganisms, it has the path 
which produces L- methionine and SAM 
through 0- acyl homoserine produced by acyl 
transfer reaction from L- homoserine. An 
expression of this acyl transferase is controlled 
by inhibition by the repressor. If it is the thing 
above, it will not limit particularly. 

As such microorganisms, bacteria, such as 
Escherichia genus bacteria, coryneform 
bacteria, and Bacillus bacteria, are mentioned. 

However, Escherichia genus bacteria, for 
example, E.coli is preferable. 



[0019] 

Moreover, the microorganisms of this invention 
can improve L- methionine producing ability by 
releasing the obstruction, if HTS which it holds 
receives the concerned_inhibition by L- 
methionine and SAM like E.coli. 



[0 0 2 0] 



[0020] 

As the 



intrinsic path of a methionine 
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biosynthesis, that which goes through cytatinion 
like the many microorganisms such aa E. coli, 
and that which do not go through the 
cystathionine like a Brevibacterium * flavum are 
mentioned 

(Ozaki,H.etal.,J.Biochem. > 91,1163,(1982)). In 
this invention, that which has the path which 
goes through cystatinion is preferable. 

In such microorganisms, L- methionine 
synthesis ability can be strengthened by 
intensifying an intracellular cystathionine 
synthetase activity. 

In addition, even if it is the microorganisms 
like a Brevibacterium * flavum, Intensification of 
deficient or/of the repressor of L- methionine 
biosynthesis system, and HTS can enhance L- 
methionine producing ability. 



[0021] 

Furthermore, in above microorganisms, the at 
least one of the aspartokinaze activity which 
participates in the common path of L- 
methionine biosynthesis and L- threonine 
biosynthesis, or a homoserine dehydrogenase 
activity is intensified. 

L- methionine producing ability can be 
enhanced much more. 



[0 0 2 2] 



[0022] 

When providing to microorganisms two or more 
[ of each property of an above ], particularly the 
method is not limited. It can provide in arbitrary 
method. 

Moreover, when introducing some genes to 
microorganisms, those genes may be mounted 
in the same vector. It may mount in the vector 
from which some differ, separately. 

In addition, when using some vectors, it is 
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preferable to use the vector which has a 
different medicine marker and a different 
replication starting point. 

Below, the method to provide each property 
of an above to microorganisms is 
demonstrated. 



[0023] 

<1> 

The repressor of L- methionine biosynthesis 
system is deficient. 

In order to make the repressor of L- methionine 
biosynthesis system of microorganisms suffer a 
loss, a mutation process is performed to 
microorganisms. 

It can carry out by selecting the strain which 
stopped producing said repressor. 

A mutation process can be performed by the 
method generally used for acquisition of the 
mutant of microorganisms. For example, the 
mutation agent used for mutation, such as a 
ultraviolet irradiation, an N-methyl- N'- nitro- N- 
nitrosoguanidine (NTG), or nitrous acid, can 
perform. 



[0024] 

Moreover, said repressor can be made to suffer 
a loss also by destroying the gene which codes 
the above-mentioned repressor on 
chromosome DNA of microorganisms. 
A destruction of a gene produces the deletion 
type gene which deleted at least one part of a 
coding region or an expression control 
sequence. 

The homologous recombination of this 
defective gene and the gene on a chromosome 
is made to generate. 

It can carry out by substituting the gene on a 
chromosome with the defective gene (gene 
substitution). 



[0025] 

As for the repressor gene, for example, the 
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base sequence of the gene (metJ) which codes 
the repressor of L- methionine biosynthesis 
system of E.coli is known (Duchange, N.etal 
J.Biol.Chem.258, 14868-14871 (1983), By PCR 
using the primer produced based on this base 
sequence, it can isolate from chromosome 
DNA. 

In this way a constant region is cut out by the 
restriction enzyme from the gene fragment 
obtained. By making the at least one part of a 
coding region or an expression tone control 
region delete, the deletion type gene is 
producible. 



[0 0 2 6] 
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[0026] 

A gene substitution can be done as follows, for 
example. 

The vector which has a temperature-sensitivity 
replication starting point is made to mount the 
deletion type gene, and a recombinant vector is 
prepared. Microorganisms are transformed by 
said recombinant vector. 

The deletion type gene is made to insert in 
the gene on chromosome DNA by the 
homologous recombination of the deletion type 
gene and the gene on chromosome DNA. 

It cultures after that at the temperature to 
which the above-mentioned vector cannot 
reproduce the transformant, and the vector in a 
cytoplasm is omitted. 

Furthermore, it substitutes a gene by omitting 
the gene of one copy on a chromosome with a 
vector. 

It can confirm that the target gene substitution 
is generated by analyzing chromosome DNA of 
a gene-substitution strain by southern * 
hybridization. 



[0 0 2 7] 



[0027] 



02/06/20 



17/73 



(C) DERWENT 




JP2000-139471-A 



E. coli ffl©MSttl»I^ 

Ti.&'&mW-'d- 1 9 4 6 0 3f 
^fE^tf);? 0 ?* 5 K pMAN997 

5-7 4 9 1 -§-^#^sE«07° 

k phsc4 m&mfbti 

<5o 



THOMSON 

— * — 

DERWENT 

As the vector which has a temperature- 
sensitivity replication starting point for E. coli, 
For example, the plasmid pMAN997 indicated 
by Japanese-Patent-Applicatioh-No. 9- 194603 
is mentioned. Moreover, it uses as the vector 
which has a temperature-sensitivity replication 
starting point for coryneform bacteria, for 
example, the plasmid pHSC4 of a description 
etc. is mentioned to Unexamined-Japanese- 
Patent 5-7491 gazette. 

However, it is not limited to these but the 
other vector can also be used. 
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8tri£LfcJ:5K: E. coli 
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[0028] 

As mentioned above, in E.coli, it is known that 
metJ gene is adjacent with metBL operon which 
consists of a metB gene and a metL gene in a 
reverse direction (Duchange, N.etal., 
J.Biol.Chem.258, 14868-14871 (1983)). 

Therefore, a suitable promoter sequence is 
connected with a deletion type metJ gene. By 
doing a gene substitution like an above, a 
homologous recombination can do once a 
destruction of metJ gene, and the expression 
improvement by the promoter substitution of 
metBL operon. 

An improvement in an expression of metBL 
operon intensifies an intracellular cystathionine 
synthetase activity and an AK-HDII activity. 



[0029] 

Specifically, E.coli, for example, 3110 strain 
chromosome DNA of W, is made into a cast. 
The fragment of about 1 kb containing metB 
gene obtained by PCR reaction which makes a 
primer the oligonucleotide which has the base 
sequence of sequence number 5 and sequence 
number 6 
(polymerasechainreaction;White,TJ.etal;Trends 
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Genet., 5, 185(1 989)) 

, the fragment of about 1 kb containing the 
down-stream part of metJ gene obtained by 
PCR reaction which makes a primer the 
oligonucleotide which has the base sequence of 
sequence number 7 and sequence number 8, 
and the sequence which has the promoter- 
sequence of the threonine operon obtained by 
annealing the oligonucleotide shown in 
sequence number 9 and sequence number 10, 
are inserted in a suitable vector. It is connected.' 
The recombinant vector containing the DNA 
fragment which has the structure which the 
structural gene of metJ deleted .and the 
promoter of metBL operon substituted for the 
threonine promoter can be obtained. 



[0 0 3 0] 
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[0030] 

In order to introduce to microorganisms the 
recombinant vector prepared as mentioned 
above, what is sufficient is just to carry out 
according to the transforming method reported 
until now. 

For example, there is a method (Mandel, 
M.etal., J.Mol.Biol., 53,159 (1970)) of 
processing the acceptance bacteria cell which 
is reported about the Escherichia * coli K-12, by 
calcium chloride, and increasing the 
permeability of DNA. 

There is the method (Duncan, C.H. etal., 
Gene1,153 (1977)) of preparing a competent 
cell from the cell of the proliferation step which 
is reported about the Bacillus * subtilis, and 
introducing DNA. 

Or, the cell of the DNA acceptance bacteria 
which are known about a Bacillus * subtilis, 
Actinomyces, and yeast is changed into the 
condition of the protoplast which receives the 
recombinant DNA easily, or a spheroplast. The 
method of introducing the recombinant DNA to 
the DNA acceptance bacteria can also be 
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applied. 

(Chang,S.etal.,Molec.Gen.Genet.,1 68,1 11 (1979 
);Bibb,M.J.etal.,Nature,274,398(1978);Hinnen,A 
.etal.,Proc.Natl.Acad.Sci.USA,751 929(1 978)) 

Moreover, it can do transforming of 
coryneform bacteria by the electric pulse 
method (see Unexamined Japanese Patent 2- 
207791 gazette). 



[0031] 

As the vector used for a cloning of each gene 
such as metJ, metBL or below-mentioned metA, 
metK, and thrBC, for example, the plasmid 
whose autonomous reproduction can be carried 
out by E.coli intracellular is mentioned. pUC19, 
pUC18, pBR322, pHSG299, pHSG399, 
pHSG398, RSF1010, etc. are mentioned 
specifically. 

Moreover, a phage vector may be used. 

E. When using microorganisms except coli, it 
is preferable to use the shuttle vector whose 
autonomous reproduction can be carried out in 
said microorganisms and E.coli. 

For example, the following are mentioned as 
a plasmid which can carry out autonomous 
reproduction with coryneform bacteria. 



m 



[0032] 

pAM 330 see Unexamined- 

Japanese-Patent 58-67699 gazette. 

pHM 1519 see Unexamined- 

Japanese-Patent 58-77895 gazette. 

pAJ 655 see Unexamined- 

Japanese-Patent 58-192900 gazette. 

pAJ 611 Same as the 

above 
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Same as the 



6 1 1 pAJ 
above 

1 8 4 4 P CG 1 see Unexamined- 

Japanese-Patent 57-134500 gazette. 

. #§iHS pCG 2 see Unexamined- 

5 7- 1 3 4 5 0 0 *&*#JH ^Pf^^-Patent 58-35197 gazette, 

nrr 9 ttn^ •? G 4 see Unexamined- 

pu<J ^ ™ Bd Japanese-Patent 57-183799 gazette 

5 8-35 1 9 7^*1 pCG 11 Same as the 

pCG 4 tipMBg above 

57-183799 #^$R#flg pHK4 see Unexamined- 

p C G li Japanese-Patent 5-7491 gazette. . 

m ± 

PHK4 ftmy. 
5- 7 4 9 1 #^$R#fig 
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[0033] 

In order to connect and rearrange a gene 
fragment and a vector and to prepare DNA, A 
vector is cut by the restriction enzyme which 
suits the end of a gene fragment. 

It is an average to do a connection using 
ligase, such as T4DNA ligase. In addition, 
methods, such as preparation of preparation of 
chromosome DNA, production of a 
chromosome DNA library, hybridization, PCR, 
and plasmid DNA, disconnection of DNA and a 
connection, transforming, and a setup of the 
oligonucleotide used as a primer, the usual 
method well known by the expert is employable. 

These methods are indicated by Sambrook, 
J.etal., "MolecularCloningALa boratoryManual 
and SecondEdition", 
ColdSpringHarborLaboratoryPress (1989), etc. 
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RXfi <2> 

Intensification of HTS activity, and providing of a 
variant HTS 
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Microorganisms intracellular HTS activity, the 
gene fragment which codes the above- 
mentioned microorganisms intracellular HTS is 
connected with the vector (preferably multi copy 
type vector) which functions by said 
microorganisms, and recombination DNA is 
produced. 

What is sufficient is just to introduce this to 
the above-mentioned microorganisms and to 
transform it. 

The number of copies of the gene which 
codes intracellular HTS of the transformant 
rises. 

As a result, HTS activity is intensified, 

HTS is coded by metA gene in E. coli. 

When using Escherichia genus bacteria as 
microorganisms, as for HTS gene to introduce, 
it is preferable to use an Escherichia genus 
bacteria -deriving gene. 

However, the other microorganisms -deriving 
genes, such as the coryneform bacteria which 
have the homoserine trans acetylase, can also 
be used. 
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[0035] 

Intensification of HTS activity can be realized 
also by carrying out the multi-copy presence of 
the HTS gene on chromosome DNA of a 
microorganisms host. 

In order to introduce HTS gene by many 
copies on chromosome DNA of the 
microorganisms belonging to Corynebacterium 
genus bacteria, a homologous recombination 
does to a target using the sequence which 
carries out a multi-copy presence on 
chromosome DNA. 

As a sequence which carries out a multi-copy 
presence on chromosome DNA, repetive DNA 
and the inverted * repeat which exists in the tip 
of the transfer factor can be utilized. 

Or, as disclosed by Unexamined Japanese 
Patent 2- 109985 gazette, HTS gene is 
mounted in a transposon. This can be 
transferred and multi-copy introduction can also 
be carried out on chromosome DNA. 
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The number of copies of HTS gene in the 
transformant rises also by the any method. 
As a result, HTS activity is intensified. 



[0036] 

Intensification of HTS activity is realized also by 
intensifying the expression control sequence of 
HTS gene besides being based on gene 
Intensification of an above. 

Specifically, expression control sequences, 
such as the promoter of HTS gene on 
chromosome DNA or a plasmid, are substituted 
to a strong thing. (Refer Unexamined- 
Japanese-Patent 1-215280 gazette). 

For example, lac promoter, trp promoter, trc 
promoter, tac promoter, PR promoter of a 
lambda phage, PL promoter, etc. are known as 
a strong promoter. 

Therefore, an expression of HTS gene is 
strengthened by substitution to promoter 
towards of these. HTS activity is intensified. 
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[0037] 

As for HTS gene (metA) of E. coli, the base 
sequence is known (Blattner, RR. etal 
Science277, 1453-1462 (1997)). By PCR using 
the primer produced based on this base 
sequence, it can isolate from chromosome 
DNA. 

The oligonucleotide which has the base 
sequence shown in sequence number 21 and 
sequence number 22 is specifically mentioned 
as such a primer. 
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[0038] 

L- methionine biosynthesis is strengthened by 
intensifying a microorganisms intracellular HTS 
activity as mentioned above. 

It is considered that it can make the amount 
of production of L- methionine increase. 



[0039] 

Moreover, HTS receives the conceitedly 
obstruction by L- methionine and SAM. < 

Therefore L- methionine biosynthesis system 
can be strengthened also by making HTS by 
which this concemedjnhibition was released 
hold to microorganisms. 

Holding HTS in which the above-mentioned 
concemedjnhibition was released in 
microorganisms is performed by performing a 
mutation process to microorganisms, and 
selecting the strain which produces HTS in 
which said concemedjnhibition was released. 

A mutation process can be done by the 
method generally used for acquisition of the 
mutant of microorganisms. For example, the 
mutation agent used for mutation, such as a 
ultraviolet irradiation, an N-methyl- N'- nitro- N- 
nitrosoguanidine (NTG), or nitrous acid, can do. 

Here, "HTS released the 

concemedjnhibition by L- methionine and 
SAM", the ratio (persistence) of enzyme activity 
says HTS of L- methionine and L- methionine 
with respect to enzyme activity in the 
nonexistence of SAM, SAM or L- methionine, 
and SAM higher than that of a wild type HTS in 
the presence of. 

Specifically, For example, the persistence in 
L- methionine presence of 1 mM is 40 % or 
more, preferably 80 % or more. 

The persistence in SAM presence of 1 mM is 
10 % or more (preferably 50 % or more). Or, L- 
methionine of 0.1 mM and the activity under a 
presence of SAM are respectively 15 % or 
more, preferably 60 % or more. This HTS is 
HTS which released in the concerned inhibition 
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by L- methionine and SAM. 



[0040] 

The mutant holding the above variants HTS a 
parent strain is cultured for example, in the 

K^?" 08 0f (alpha)_ m ethyl-DL-methionine 
(MM) in the medium containing MM of 1 g/l. 

By selecting the strain to grow it is 
acquirable. 

The choice by MM may be repeated two or 
more times. 
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[0041] 

The mutant holding a variant HTS clones a 
vanant HTS gene (variant metA) from HTS 
mutant obtained as mentioned above. 

Also by transforming microorganisms with 
said variant gene, it is acquirable. 

An isolation of a variant HTS gene and the 
introduction to the microorganisms of said gene 
can be done like the above-mentioned wild-type 
HTS gene. 

As a variant metA gene, specifically 
in the amino acid sequence shown in sequence 
number 26, HTS which has the mutation which 
carries out an equivalent to any one of the 

Mutation which arginine of the 27th position 
substitutes to cysteine, Mutation which 
isoleucine of the 296th position substitutes to 
serine, Or mutation which the proline of the 
298th position substitutes to a leucine is 
mentioned. 

Moreover, HTS which has 2 or 3 sorts of 
these arbitrary mutations is also the preferable 
variant HTS. 
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[0042] 

<3> 

Weakness-izing of SAM synthetase activity 

Furthermore, L- methionine producing ability 
of microorganisms can be risen by making an 
intracellular SAM synthetase activity weaken. 

L- methionine producing ability of 
microorganisms can be risen also by making 
SAM synthetase activity defective. 

However, the medium which cultures 
microorganisms in that case needs to be made 
to contain SAM. 

Therefore it is preferable to make SAM 
synthetase activity weaken. 

"SAM synthetase activity is made to weaken" 
here means that the specific activity of SAM 
synthetase per microorganisms cell protein is 
lower than the strain holding a wild-type SAM 
synthetase. 

Specifically, compared with SAM synthetase 
of a wild strain, as for the degree of weakness- 
izing, 80-50% (preferably 50-30%, more 
preferable about 30-10%) is mentioned. 

E. In coli, if the specific activity of SAM 
synthetase reduces from 10%, it is suggested 
that the cell division is obstructed (Newman, 
E.B.etal., J.Bacteriol., 180, 3614-3619 (1998)). 
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synthetase (weakness-izing type SAM 
synthetase) to which the specific activity per 
enzyme protein reduced. When the 
transcription efficiency or the translation 
efficiency of SAM synthetase gene reduced 
that to which the expression efficiency of an 
enzyme reduced may be used. 

[0044] 

The mutant which SAM synthetase activity 
weakened is obtained as follows, a parent 
strain is cultured for example, in the medium 
containing NL of 0.1 g/l, in the presence of DL- 
norleucine (NL). 

By selecting the strain to grow it is 
acquirable. 

The choice by NL may be repeated two or 
more times. 

Moreover, the ethionine or (gamma)- glutamyl 
methyl ester can also be used instead of DL- 
norleucine. 
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[0045] 

The mutant holding a weakness-izing type SAM 
synthetase is obtained as follows A 
weakness-izing type SAM synthetase gene is 
cloned from SAM synthetase-weaken strain 
obtained as mentioned above. 

The wild-type SAM synthetase gene on a 
microorganisms chromosome is substituted 
with said variant gene. 

The gene substitution of SAM synthetase 
gene can be done like the above-mentioned 
metJ gene. 

As for SAM synthetase gene (metK) of E. coli 
the base sequence is known (Blattner and FR 
etal., Science 277, 1453-1462(1997)). By 
PCR using the primer produced based on this 
base sequence, it can isolate from chromosome 
DNA. 

The oligonucleotide which has the base 
sequence shown in sequence number 11 and 
sequence number 12 is specifically mentioned 
as such a primer. 

Mutation is generated in obtained metK gene. 
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This can be confirmed by determining the 
base sequence of this gene and comparing with 
the base sequence of a well-known wild-type 
metK gene. 



[0046] 

As the gene which codes a weakened SAM 
synthetase, specifically in the amino acid 
sequence shown in sequence number 18, SAM 
synthetase which has the mutation which 
carries out an equivalent to any one of the 

Mutation which the 303rd isoleucine 
substitutes to a leucine, Mutation which the 
185th valine substitutes to glutamic acid, 
Mutation which changes to the sequence which 
the 378th arginine or later becomes from 
alanine- methionine- leucine - proline - valine 
(sequence number 29) is mentioned. 



[0047] 

<4> 

L- threonine requirement property 

L- methionine producing ability can be 
improved by providing L- threonine request 
property to microorganisms. 

As the microorganisms . which show L- 
threonine requirement, the microorganisms 
defective in any one enzymes which 
participates in the intrinsic path of L- threonine 
biosynthesis that it leads in L- threonine, from L- 
homoserine specifically suffered a loss are 
mentioned. 

In E. coli, the gene of the enzyme which 
participates in the biosynthesis of L- threonine 
exists as threonine operon (thrABC). 
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L- threonine request strain which lost the 
biosynthesis ability after L- homoserine is 
acquirable by making thrBC part delete. 
In addition, thrA gene codes one of the 
isozymes of the aspartokinaze which is the 
enzyme of the common path of L- methionine 
and L- threonine. 

It is preferable not to make it delete. 
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[0048] 

What is sufficient is just to destroy thrBC part in 
the threonine operon on chromosome DNA in 
order to make thrBC delete. 

A destruction of thrBC can be done by 
substituting thrBC part on a microorganisms 
chromosome by thrBC which deleted the part. 

What is sufficient is just to do the gene 
substitution of thrBC like the gene substitution 
of the above-mentioned metJ gene. 
thrBC containing deletion uses E coli 
chromosome DNA as a template. 
The fragment of about 1 kb which contains the 
upper part of thrB gene by PCR using the 
primer which has the base sequence shown in 
sequence number 1 and 2 is amplified. 
The fragment of about 1 kb which contains the 
down-stream part of thrC gene by PCR using 
the primer which has the base sequence 
similarly shown in sequence number 3 and 4 is 
amplified. 

It is acquirable by connecting these 
amplification fragments. 
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[0049] 

<5> 

Manufacture of L- methionine 

The microorganisms which have L- 
methionine producing ability obtained as 
mentioned above are cultured to a medium. The 
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production and accumulation of L- methionine is 
carried out into this medium. L- methionine can 
be produced by collecting this from this 
medium. 



[0050] 

The well-known medium conventionally used 
depending on microorganisms may be used for 
the medium to use. 

In other words, it is the usual medium which 
contains the other organic component 
depending on the source of a carbon, the 
source of nitrogen, an inorganic ion, ,and the 
need. 

The special medium for implementing this 
invention is not needed. 

[0051] 

As a source of a carbon, saccharides, such as a 
glucose, a lactose, galactose, a fructose, and 
the hydrolyzate of starch, alcohols, such as a 
glycerol and sorbitol organic acids, such as a 
fumaric acid, a citric acid, and a succinic acid, 
can be used. 



[0052] 

As a source of nitrogen, organic nitrogen, such 
as inorganic ammonium salts, such as 
ammonium sulfate, ammonium chloride, and an 
ammonium phosphate, and a soybean 
hydrolyzate, ammonia gas, aqueous ammonia, 
etc. can be used. 
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[0053] 

As a source of an organic micronutrient, it is 
desirable to carry out containing of a required 
substance or yeast extract, such as a thiamine, 
L- threonine, and L- tyrosine, in a suitable 
amount. 

Other than these, potassium phosphate, 
magnesium sulfate, an iron ion, the manganese 
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ion, etc. is added in a small amount dependina 
on the need. 



[0054] 

Incubation may be done on condition that 
common knowledge conventionally used 
depending on the microorganisms utilized. 

For example, it is good to implement 
incubation for 16 to 120 hours on aerobic 
conditions. Incubation temperature is controlled 
to 25 degrees-Celsius - 45 degrees-Celsius 
and pH is controlled to 5-8 in incubation. 

In addition, acidity or an alkaline substance 
inorganic to pH adjustment, or organic. 

Furthermore ammonia gas etc. can be used. 
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[0055] 

As for collection of L- methionine from the 
medium liquid after the incubation completion, a 
special method is hot needed in this invention'. 

That is, this invention can be implemented by 
combining the ion-exchange-resin method 
which is that it is well-known conventionally, and 
the method of precipitation-method others 
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[Example] 

Hereafter, an Example even 
demonstrates this invention. 



specifically 
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1 J [Example 1] 

=zi/~V fcT- =y W3110 ft Acquisition of metJ defective strain and L- 

fabt>L-xi'*->m&&i%.V threonine request strain from 3110 strain of 

metJ %.Wfa<DW& Escherichia * coli W 

< 1 >**£*ri-3 thrBC «ii <1> 
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Preparation of the plasmid for being 
recombinant containing thrBC structural gene 
which has deletion 

A genome DNA purification: kit (made in an 
advanced Genetic technology company) is 
used. According to the indication, 3110 strain of 
W to chromosome DNA which is the derivative 
of K-12 strain of the wild types of E.coli was 
prepared. 

The oligonucleotide which has the base 
sequence of sequence number 1 of a sequence 
table and sequence number 2 was synthesized. 
This is used as a primer. 

the above-mentioned chromosome * DNA is 
made into a template. PCR reaction is done 
according to the method of Erlich at a. (H. 
PCRTechnology-Principles and Applications for 
DNA Amplification, ed. Erlich, A., 
Stockton Press). The fragment of about 1 kb 
containing the upper part of thrB gene was 
amplified. 

The recognition sequence of EcoRI and Sail 
to which this amplification fragment originates in 
a primer to both ends is introduced. 

It cut by the restriction enzyme which cuts the 
recognizing site which introduced the obtained 
amplification fragment. 
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[0058] 

PCR reaction is done, using as a primer 
similarly the oligonucleotide which has the base 
sequence of sequence number 3 and the 
sequence-table number 4. The fragment of 
about 1 kb containing the down-stream part of 
thrC gene was amplified. 

The recognition sequence of Sail and Hindlll 
to which this amplification fragment originates in 
a primer to both ends is introduced. 

It cut by the restriction enzyme which cuts the 
recognizing site which introduced the obtained 
amplification fragment. 

The amplification fragment of the above two 
and pHSG398 (made in a Takara-Shuzo 
company) cut by EcoRI and Hindlll are 
connected using a ligation kit (Takara Shuzo). 
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E. coliJM109 competent cell (Takara Shuzo) 
was transformed. 

The plasmid was prepared from the 
transformed body based on the alkaline process 
(using plasmid extractor PI-50 (made in the 
Kurabo Industries Ltd. company)) (Boirnboim, 
H.C.etal., NucleicAcidsRes., 7, 1513-1523 
(1979)). 

The plasmid by which the fragment of two 
was inserted in EcoRI and Hindlll recognizing 
site through Sail recognizing site was selected 
from the obtained recombinant plasmid with the 
length of an insert. 

This plasmid contains the upstream and the 
downstream of a structural gene of thrBC, and 
contains the gene fragment of the structural 
gene of thrBC in which the full length is almost 
defective. 
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[0059] 

<2> 

Production of thrBC structure gene lacking 
strain twisted gene recombinant 

The above plasmid, and the plasmid 
PMAN997 which has the temperature-sensitivity 
replication starting point indicated by Japanese- 
Patent-Application-No. 9- 194603, are cut by 
EcoRI and Hindlll. These are connected. 109 
strain of E.coliJMs was transformed by the 
obtained recombinant plasmid. 
A plasmid is extracted from a transformed body. 

That which has the structure where thrBC 
deletion gene fragment was inserted in 
PMAN997 is selected. It was referred to as 
pMAN(DELTA) BC. 

3110 strain of W is transformed using this 
plasmid. 

The gene recombination was done according 
to the conventional method. 

That is, L- threonine request property in M9 
medium (Sambrook, j.etal 

"MolecularCloningALa 
boratoryManual/SecondEdition", 
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ColdSpringHarborLaboratoryPress, A.3 (1989)) 
does a choice of a recombinant strain. Obtained 
L- threonine request strain was made into 
W(DELTA) BCstrain. 
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[0060] 

<3> 

Production of 3110 strain of W, and metJ 
defective strain from W(DELTA) BCstrain 
Next, let 3110 strain chromosome DNA,of W be 
a template. 

PCR reaction is done, using the 
oligonucleotide which has the base sequence of 
sequence number 5 and sequence number 6 as 
a primer. The fragment of about 1 kb containing 
metB gene was amplified. 

As for this amplification fragment, the 
recognition sequence of EcoRI and Sphl is 
introduced by both ends. 

It cut by the restriction enzyme which cuts the 
recognizing site which introduced the obtained 
amplification fragment. 

[0061] 

PCR reaction is done, using the oligonucleotide 
which has similarly the base sequence of 
sequence number 7 and sequence number 8 as 
a primer The fragment of about 1 kb containing 
the down-stream part of metJ gene was 
amplified. 

As for this amplification fragment, the 
recognition sequence of Hindlll and EcoRI is 
introduced by both ends. 

It cut by the restriction enzyme which cuts the 
recognizing site which introduced the obtained 
amplification fragment. 

[0062] 

Next, the sequence which was shown in 
sequence number 9 and which has Sphl and 
Hindlll recognizing site to both ends, and has 
the promoter sequence of the threonine operon 
is synthesized with complementary strand 
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shown in sequence number 10. 

After making these anneal, it cut by restriction 
enzymes Sphl and Hindlll. 

The ligation was done after mixing the 
threonine promoter fragment thus obtained, 
PHSG298 (made in a Takara-Shuzo company) 
cut by EcoRI, and The two PCR amplification 
fragments above-mentioned. 
109 strain of JMs is transformed by this 
connection reaction solution. 

The plasmid was extracted from the 
transformed body. 

The plasmid with which four persons were 
connected was selected from the .obtained 
recombinant plasmid. 

The structural gene of metJ deletes this 
plasmid. 

The promoter of metBL operon replaced the 
threonine promoter. It has this structure. 



5 [0 0 6 3] 

t>*#M¥ 9-1 9 4 6 0 3^-1; 
t57*7X 5 K pMAN997 & 

Ecom-egjBru 7^y-> 3 

>&ft\, \ pMAN997 metJ X 

SfcO&SftUpMANAJ t L 
tz 0 z\<D7yX % K&ffll^T 
W31 1 0 WBcXfi W A BC Hfc 

fern u arscfcueo xx&wz 

8 iZ^Ltz^t V =f* ? ]y 

iRLtz 0 W3110«^r>-WABC 
fcfr b'&btitz metJ &&Hc & , 
•eti-etb WAJ tUc^rje WABC 



[0063] 

The plasmid obtained by the above and the 
plasmid pMAN997 which has the temperature- 
sensitivity replication starting point of a 
description Japanese-Patent-Application-No 9- 
194603 are cut with EcoRI. 

Ligation is done. That which has the structure 
where metJ deletion fragment was inserted in 
PMAN997 is selected. It was referred to as 
pMAN(DELTA) J. 

W3110 strain and W(DELTA) BC strain are 
transformed using this plasmid. The gene 
recombination was done according to the 
conventional method. 

The obtained recombinant strain uses DNA 
prepared from the biomass as a template. 

The oligonucleotide shown in sequence 
number 6 and sequence number 8 was 
selected by the length of the amplified 
production by the PCR method made into the 
primer. 

metJ deletion strain obtained from W3110 
strain, and W(DELTA) BC strain, was 
respectively made to W (DELTA) J strain, and 
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W(DELTA) BC(DELTA) J strain. 
[0064] 

In order to confirm the effect of rnetJ deletion by 
recombination, a crude-enzyme extract is 
prepared from a biomass. The activity of HTS 
and a cystathionine synthetase was measured. 
3110 strain of W and J strain (DELTA) of W are 
inoculated to 2 ml LB medium. 

Night incubation was carried out by 37 
degrees-Celsius. 

1 ml of 10 minutes of this culture solution is 
centrifuged by 5,000 rpm. 

The biomass was twice washed by '0.9% of 
salt solution. 

The obtained biomass is suspended to 1 ml 
0.9% salt solution. 

0.5 ml of it was inoculated to the day bis- 
Mingioli minimal medium (Davis, B. D., 
andMingioli, E.S., J. Bacteriol. 60, 17-28 (1950)) 
containing 50 ml L- methionine of 5 mM. 
This is cultured for 24 hours by 37 degrees- 
Celsius. 

10 minutes of culture solutions are centrifuged 
by 8,000 rpm. 

The biomass was twice washed by salt 
solution 0.9%. 

The biomass was suspended to 50 mM 
potassium-phosphate buffer (pH7.5) containing 
3 ml 1 mM dithiothreitol. 

The 5 minute cell crushing process was done 
this suspension by 4 degrees-Celsius 150W 
using the ultrasonic crusher (made in Kubota 
company). 

The 30 minute centrifugation process of the 
crushing liquid was carried out by 15,000 rpm. 
The desalting process of this supernatant liquid 
was carried out in G-sephadex 50 column 
(product made from Pharmacia K.K.). This was 
made into the crude-enzyme extract. 

HTS activity in a crude-enzyme extract and 
the activity of a cystathionine synthetase were 
measured. 



[0 0 6 5] [0065] 

HTSiSffil Miftttti^ 5 As for HTS activity, 5 micro-l of crude-enzyme 
I £r 01M y>g£#y^i* extracts is added to the reaction solution which 
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J^i 5 J) ^VKrJ^ f ns 'f sof0 - 1M P°^sium phosphate (pH7.5), 

^ A A (y^vlig) , 1 mM succinyl coenzyme A (made in a siqma 

0.2nM DL-[ ,4 C]*-&iry ^ company), a 0.2nMDL-[14C] homoserine (made 

mt^nm^M), RU 0.2mM ln a Muromachi chemical-industry company) 

L-xft^E-tr V ^fr h ftZRfomc f "I 3 0 2 mM L-homoserine. It may be adjusted 

AO^T 50mI fcU 30TCT? 10 t0 f° m,cr °" 1 - . 

»WKl&*fT ofc 0 £JSI£ 1 „ I Celsius!" " W3S d ° ne by 30 degrees - 

thm^^u7 h ^ ■ Thes P° tof 1^ro-l of the reaction solution 

t 51 7 y u U T * h I s , C T 6d 0ut t0 a ce,lulose Plate (made in a 

^ ~^-'K i/rc^-/u Merck company). It developed by the addition 

75>^10 : 10:5:2© solvent which contains acetone, a butanol 

^l&rS&mmWiX'mm L water ' and a d ''ethylamine at ratio of 10:10:5 2 ' 

tz a yis-h&JSMLItVL, 4 ^ Aftercarr y in 9° ut air drying of the plate, 

t-itn-yj-?- (t±2i th u e lma 9 e an alyzer (made in the Fuji 

xattn eT*-h^** ESSS****"* 1 company) did 

[0 0 6 6] [0066] 

f**^-^^!*!**!*, L ^ is known that a cystathionine synthetase will 
-^r^y^#4T-cuo- produce 0- succinyl homoserine (alpha)- keto 
f-^ is=./V7fr*± V ^^a-^r bu ty nc acid, ammonia, and a succinic acid in L- 
v hmm, 7^=7XOt3A^ cysteine nonexistence. It can utilize as the 
ym*±CZZ.btftolbtlTi3 a mP l B d . etectlon me thod (Holbrook, E.L.etal., 
9 tt«&»ff*»>i^rftiffl B,ocne mistry29,435-442(1990)). 
T*i I (Hotroot p iff n S? 8 t0 the reaction so,ution ^ "nstato of 
Sochemistrl 29 4^ ^ tr l s - hydrochloric acid ( P H8), a 5 mMO- 
M^r»«*ui2 , f 3W42 SUCC ' nyl nomoseri ne (made in a sigma 
1990)). imxmmi 00, company), and 0.25 mM pyridoxal phosphoric 
I 2\ 0.2M h V (pH8) , acid (made in a sigma company) in 100 micro-l 

5mM O - ir ? is =l ;u jft ir y of crude-enzyme extracts. It may be 1 ml. 
> (is?-?tiM) , £u? 0.25mM !t froze - after do 'ng 20 minute reaction by 37 
try K^MJvuy^g O^Vtfc degrees-Celsius. 

*i) *»fe*5SJtSa[teApA 1ml .V SUCCmy J tl°T Serine in tnis reaction solu t'°n 
tL 37VT* ?n™mZ^l?- ,s assa y ed fa y the reverse phase HPLC (made 
+ k i iv + " in GL science company). 1 

?1 ^.^^^ J he am ° Unt of °" succin y' homoserines 
£0-tr* ^/i^-fe y v£ reduced from crude-enzyme extract non-adding 

jfifSHPLC (v 5 — ac/uf-^ac reaction solution was calculated. 

>^tt® T'^iL, mmmm lt reacts Pyridoxal phosphoric-acid un-adding 

tB^»©S^^^^>L simu 'taneously. 0- succinyl homoserine 

itO-y-f \) ^* reduction of pyridoxal phosphoric-acid 

**HJLfc. t^KWyy s y rh n etTe C acS made ^ ^ cystathionine 
ft*moTC*n*KfTV\ syntnetase act,v,ty - 

fy K^t;ui;y»ft#©o- 
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[0 0 6 7] 

mSr^l^^Lfc 0 HTSgtt 
14 W31 1 0 tttii L-^ ^ 

£*vfev>as % WAJ t^&^T 
flcfcfcVTfi W3110 tt(citb 
metJ metBL yf^v y<D 

[0 0 6 8] 
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[0067] 

The measurement result of HTS activity 
measured as mentioned above and each 
specific activity of a cystathionine synthetase 
was shown in Table 1 . 

HTS activity is almost undetectable by the 
effect of L- methionine addition at 3110 strain of 
W. 

However, the remarkable activity was shown 
in J strain (DELTA) of W. 

As for cystathionine synthetase activity, in J 
strain W (DELTA), remarkable increase 
observed as compared with 3110 strain of W. 

From these results, the effect of metJ deletion 
by recombination and the promoter substitution 
of metBL operon was confirmed. 



[0068] 



[Table 1] 



*1 : metJ^»act*J^SHTSffittRW^«=y-frj«»3RfiH4 



mm 


(mmol/min/mgSt 6 IS.) 


(mmol/rain/mg2e@) 


»3U0 


0. 3 


14 0 


WAJ 


1 2 6 


13 0 0 



HTS activity and cystathionine synthetase activity in metJ defective strain 
Strain, HTS activity (protein), Cystathionine synthetase activity (protein) 
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[|»J 2 ] 
W31 10 m>b <D metK £M$i<D 
»# 

w3iio m £ L B i% m 

( Sambrook, J. et al., 
"Molecular Cloning A 
Laboratory Manual/Second 
Edition", Cold Spring Harbor 
Laboratory Press, A.1 (1989)) 

37t;-e- mmm Ltc a mm 

Ltcig^W. 1 ml £ 5,000rpm T? 
10 #^3s'k#f|£U 
0.9%(75^7K-C 2 ^gfe^ Lfc 0 
#b;fl,fcM#£ 100 mI (D 0.9% 
A^TkfCil^ L s ^(D 5 ^© 10 
£5 ml <D 0.1g/l CD DL-/^ 

o>r^> (nl) ^-^tfxVf 

■ Lfc D r. 3 7 °C X 5 0 ffljg 



[Example 2] 

Acquisition of metK mutant from W 3110 strain 
In LB medium (Sambrook, J.etal 
"MolecularCloningALa 
boratoryManual/SecondEdition", 
ColdSpringHarborLaboratoryPress, A.1 (1989)), 
W3110 strain was cultured at 37 degrees- 
Celsius overnight. 

1 ml of the cultured culture solutions is 
centrifuged by 5,000 rpm 10 minutes. . 

The biomass was twice washed by 0.9% of 
salt solution. 

The obtained biomass is suspended to 100- 
micro-l 0.9% salt solution. 

Ten micro-l of it were inoculated to the day 
bis- Mingioli minimal medium containing DL- 
norleucine (NL) of 5 ml 0. 1 g/l. 

This was cultured for 5 days by 37 degrees- 
Celsius. 



[0 0 7 0] 

£ LB m?imM±.X°=!U-~ft 
$£U 0.1 g/l ONL £r'a £p 
r-f tf* - $ ^ y Mcmm 
"e©£W£fl&IBU 12 tfcOQN L 

'tttt^&fefr DNA ZmML 

i imi 2^-riB^ij^^-f 

PCR fcfc&ft V * metK itfc^tf) 

&i>wj#-*§- i3, i4, 
i 5, .rim 6 iz^-fmrn^ 



[0070] 

The colony isolation of some of the grown 
colony is carried out on LB agar medium 
Growth by the day bis- Mingioli minimum 
medium which contains NL of 0.1 g/l again is 
confirmed. 

12 strain NL resistant strain was selected. 

Chromosome DNA was prepared from these 
resistant strains. 

This is made into a template. PCR reaction is 
done using 2 sorts of primers which have the 
sequence shown in sequence number 11 and 

12. metK gene was amplified. 

It determined using the primer for 
amplification which showed the base sequence 
of this amplification fragment to sequence 
number 11 and 12, and the primer which has 
the sequence which shows sequence number 

13, 14, 15, and 16. 

Determination of a base sequence was done 
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fc 0 *£SIE?iJ<D#:£te^y ^Sr- 
^s<f$ry V ^yx/w 
H±») ^ffl^T« 373S M DNA 

5tLfc^E* W3110 <Di&m%i 

5 metK tf)|B?iJ (Blattner, F. R. 
et al., Science, 277, 1453-1462 
(1997)) i:^t-ifcLfc 0 £ 
colE^iJSrlB?iJ#-§- 1 7 {^L 

#5 S AMMil«7 5 7^ 
IE?iJ£ga?iJ#-§-l 8^tfc 0 

[0 0 7 1 ] 

N LiM4tt<D 5 ^ metK 

frfcfctfJfil 2ttOf*)3|fcfc 
0, rtLfj^ WNL2, WNL24, 
XtfWNL32 fc*ttttfco ill 
b©^MftcD metK &SiE?iJ 

(4, ie?ij#-§- 1 7 K^-ra^s 

©4SSiB3?lJ±T, WNL2«c-Ctt 
9 0 7#@(DT7 f =^^-> 

WNL24 t*"C{4 5 5 4# 

WNL32^T^i 1132#gtf» h 

IE?iJ#^-i 8^L 

tc s AM^ii©7 $ j ma 

#|fc*5VvC\ WNL2WOSAM 

>f 5/ ^j&Sn>f WNL24 
ttc-^tt 1 8 5#B0V<y 
/U* $ WNL32 ttcT?tt 

HS^iaot3 7 8#@ 
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DERWENT 

by the 373S model DNA sequencer (product 
made from Perkin-Elmer corporation) according 
to each indication using the diterminator cycle 
sequencing kit (product made from Perkin- 
Elmer corporation). 

The base sequence of the wild strain W3110 
determined as a control, It corresponded 
completely with the sequence of metK which 
Blattner et al. has reported 
(Blattner, F.R.etal. ,Science,277, 1 453- 
1462(1997)) 

This sequence was shown in sequence 
number 17. 

Moreover, the amino acid sequence- of SAM 
synthetase which this sequence can code was 
shown in sequence number 1 8. 



[0071] 

That where the mutating point was found out in 
the structural gene of metKamong NL resistant 
strains, is three of 12 strain strain. 

These were named WNL2, WNL24, and 
WNL32. 

By WNL2 strain, deletion of a base was 
observed the 907th adenine in cytosine on the 
base sequence of the wild type which shows 
metK base sequence of these mutants to 
sequence number 17. In WNL24 strain, deletion 
of the adenine is observed the 554th thymine: In 
WNL32 strain, deletion of a base was observed 
in the 1132nd cytosine. 

As this result, In the amino acid sequence of 
SAM synthetase shown in sequence number 
18, as for SAM synthetase of WNL2 strain, the 
303rd isoleucine is changing to a leucine. In 
WNL24 strain, the 185th valine is changing to 
glutamic acid. In WNL32 strain, the 378th 
arginine or later is changing to the sequence 
which consists of alanine- methionine- leucine- 
proline - valine with 1 base deletion. This 
became evident. 

It was estimated that SAM synthetase activity 
is weakenning these strains. 
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[III 3 ] 
metK m^<DmX t metA 

(1) W ABC A J m^(D metK 
^S^A 

mem mfc^mmmx* h -5 

WNL2 WNL24 tfc, 
WNL32 #c<D|fe£#: DNA £HM 

<t u 1 9 Aumzm 

tt 2 o isicOD^- y =r ^ u*=j- 

Y^^y^^—t LTPCRS 
j£?£rfirV\ metK m^Z^t? 
,#J 2.5kb (DmKvm^&ft^ 

Hindlll <7>lSf$I2?iJ^a£A£*LT 

m Hindlll ^8fLfc 0 Hindlll 

x^sifLfc p stv28 &mm± 

!{) PCR ifWtf 



JM109$c£ 

fcam^7°7^5 K^p) pcr 

$ Ktt metK tf>«j&H5^-fcg 



[Example 3] 

L- methionine production by introduction of 
metK mutation, and amplification of a wild-type 
metA gene 
(1) 

Introduction of metK mutation to W(DELTA) 
BC(DELTA) J strain ' 

The chromosome DNA (WNL2strain which is 
metK genetic-variation strain, WNL24strain, and 
WNL32 strain) are made into a template. PCR 
reaction is done, using the oligonucleotide of 
sequence number 19 and sequence number 20 
as a primer. The fragment of about 2.5 kbs 
containing metK gene was amplified. 

As for this amplification fragment, the 
recognition sequence of Hindlll is introduced by 
both ends. 

The obtained amplification fragment was 
respectively cut by Hindlll. 
• The ligation after mixing is done pSTV28 
(made in the Takara-Shuzo company) and PCR 
amplification fragment which were cut by 
Hindlll. 109 strain of JMs was transformed. 

The plasmid was extracted from the 
transformed body. 

The plasmid in which PCR amplification 
fragment was inserted was selected from the 
obtained recombinant plasmid. 

These plasmids have mutation in the 
structural gene of metK. This was confirmed 
(determining a base sequence). 



[ 0 0 7 3 ]_ [0073] 

r. tlh <D -f y 7, % K <D Hindlll Hindlll disconnection fragment of these 
^amWi^^s Hindlll T$$rLfc plasmids is cloned to pMAN997 cut by Hindlll 

pMANK-2, pMANK-24, and pMANK-32 were 
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pMAN997 fd^n-^y^L, 
Ztl^tl pMANK-2, pMANK- 
24, pMANK-32 t%tt\-ftc 0 Z 

ABCAJ#c£^Sfij£&U %m 
iC % o X fefc*m& z- £ ft o 
tc 0 ,m&;U*^ib&£# DNA 

zmmLxmmt u 

1 1 RTimm^r 1 2 izyjk Ltz 
-<t LfcPCRfctcj;6iiiHgl 

ULtc 0 #b*LfcWABCAJ#c 
metK ^mW^^n^rti 
WABCAJK-2 WABCA 
JK-24^ S:t;WABCAJK-32 

[0 0 7 4] 

(2).metA»e^<7)if*M 

w3iio«^^ dna zmmt 
u ie?ij#-§-2 rs.t>*ga^J#^- 

2 2E«oia?ij^^i-?)^-y =r 

TPCR£j££:fTi/\ metA it 
e^^-atf^ l kb <DmF\<nm 
ifl^tTofco r<7>ifi|ig|0rJtf2p] 
ffit^tim Sphl RU Sail W 

5 u ®&m x® 

HrLfc r*b£ Sphl W Sail 
-C^Oif Lfc pHSG398 (C^ n- 

?0£ia?'J#-§- 2 1 RTf 2 2 

|H?lJ#-§-2 3 RXf 2 4(c^-ria 

m^s-^yj^-itm^x 

W3110 (75 metA cD^SiB?iJ{±^ 
7 «y Y-T-htm^ LXh^Z 
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respectively named. 

J strain (DELTA) of W(DELTA) BCs is 
transformed using these plasmids. The gene 
recombination was done according to the 
conventional method. 

Chromosome DNA is extracted from a 
recombinant strain and it considers as a 
template. 

The base sequence of the amplified 
production by the PCR method which made the 
primer the oligonucleotide shown in sequence 
number 11 and sequence number 12 was 
investigated. 

What each mutation was observed* to was 
selected. 

The obtained W(DELTA)BC(DELTA)J strain - 
deriving metK mutant was respectively made 
into W(DELTA)BC(DELTA)JK-2strain. 
W(DELTA)BC(DELTA)JK-24strain, and 
W(DELTA)BC(DELTA)JK-32strain. 

[0074] 

(2) 

Amplification of metA gene 

Let 3110 strain chromosome DNA of W be a 

template. 

PCR reaction is done, using the 
oligonucleotide which has the sequence of 
sequence number 21 and sequence number 22 
as a primer. The fragment of about 1 kb 
containing metA gene was amplified. 

As for this amplification fragment, the 
recognition sequence of Sphl and Sail is 
respectively introduced by both ends. 

It cut by the restriction enzyme which cuts the 
recognizing site which introduced the obtained 
amplification fragment. 

This was cloned to pHSG398 cut by Sphl and 
Sail. 

It determined using the primer for 
amplification which showed the base sequence 
of an insert to sequence number 21 and 22, and 
the primer which has the sequence which 
shows sequence number 23 and 24. 

The base sequence of metA of the 
determined wild strain W3110 corresponded 
completely with the sequence (Blattner, F.R. 
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metAtDia^iJ (Blattner, F. R. et etal., Science277, 1453-1462 (1997)) of metA 

al., Science, 277, 1453-1462 which Blattner et al. has reported. 

(1997)) t^±\c— ffcLfco r This sequence was shown in sequence 

£>IS?iJ£ie?iJ#-5§-2 5 \Z?jk L number25. 

fc 0 ^fc, ^(DM^U*^— Kb Moreover, the amino acid sequence of HTS 
nZHTS (DT* y^Ifi£iJ£|E whicn tnis sequence can code was shown in 
mm* 2 6 (c^ Lfc 0 sequence number 26. 

10 0 7 5] [0075] 

Sphl Xt/ T he ligation was done after mixing the cut 

Sail fc «fc Z>®my>}, %mm 1 article b y Sphl and Sail of this plasmid, the cut 

Bffi<Dxu*—^ytL^~-fr-. article by Hindlll and Sphl of the threonine 

(O Hindlll RXI Sphl «t sgjitf promoter of Example 1, and pMW118 (made in 

*K £t>* Hindlll Sail -ejjo | a ,f panese gene com P an y) c ^ by Hindlll and 

fc. JM109#4:Jg The plasmid was extracted from the 

SME&U transformed body. 

* 5 KSrttffl-Lfco #£>ftfc|fi Tne Plasmid with which three persons were 

Kd»&3##igj|S connected was selected from the obtained 

* tlit -7 J x 5 Kfc Lfc rec P mbin ant plasmid. 

r(07°7^$ Kfi^^=>V This plasmid takes the structure in which 

ox^A^ Tffr motA metA 9 ene is arranged on a threonine 

=r p ? o rr m me,A * ,he 

.✓T'n — — \z £ <Q metA ^ This plasmid was named pMWPthmetA-W 
^■f-SflfJgSrtoTVS. r W3110strain, W(DELTA)BCstrain 

©7°7^5 pMWPthmetA- W ( DELTA ) BC ( D ELTA)Jstrain, 

W^ftljfc, io^^* K W ( DELTA ) B C(DELTA)JK-2strain, 

*«V,-CW3110«,WABck W^Sg^SiJJ^ rt, ^" # • 3nd 
WABP A I * \a/ a a 11/ o vv^utLi AjbU(DtLTA)JK-32 strain are 

* WABcfjk24* *iw r 3 " 8 ?^, , USiPg tNs P ,aSmid - The 
Wl vv AB( -AJivZ4«, &T>W transformed body was obtained 

ABCAJK-32*S:»frte»U 

[0 0 7 6] [0076] 

50mg/l ©7> Each transformed body was cultured by 37 

tVy VSrg-fr LB7V*- h_h N degrees-Celsius on LB plate containing a 50- 

37°CT— WE^F*Lfeo ffiftSr^' mg/l ampicillin overnight. 

^ 40g/l x fift^-v^^r> A biomass is inoculated to 20 ml of the 

Algfl, «2M6g/K V 7k med,ums of P, r H7 containing glucose 40 g/l, 

™ J , »mJr^2 m „ a 9 ne s'um-sulfate 1 g/l, ammonium-sulfate 16 

/d ♦ \T \t mUm ® m 9/1. potassium-dihydrogenphosphate 1 g/l yeast 

(Bacto Yeast-Extract (Difco)) extract (BactoYeast-Extract (Difco)) 2 g/l 
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2g/k ffim-*^tfy 0.01g/k til 
IMS 0.01g/k mWtjjfri'ZJ* 
30g/l, Tyt'i/V y 50mg/U L 
u*-y 0.5g/l £*afr pH7 
20ml icflL, 37T:T' 
48 B#^lt* Lfc 0 

[0 0 7 7] 

»»«fW- (HScttW KTL- 

i*l:*3C*U. W3110« 
•CUB* 5>ix* fr-otz. L — p'-'f- 
sf~ytiK WABCtt, WABC 
AJtfclC&l^TJtAPLfCo metK 
©2?&fi, WABCAJK-2 «5T 
(4 L ymit&T Lfc 

h<D<D^ WABCAJK-32**fC& 
V^ttPW* WABCAJK-24tt 

3&*#R»fe*t 

pMWPthrmetA-W LfcW 
ABCAJK-24^tt, T^^- 
hT"^^-AJ13425 
tl.Ml 0^5^ 1 4 0 «t 

305-8566 0*:|l^^mo< 



otitis 0 % gf6#-§-FERM 
P - 1 6 8 0 8 W#§Jl-CV» 

-So 
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manganese-sulfate 0.01 g/l, iron-sulfate 0.01 
g/l, calcium-carbonate 30 g/l f ampicillin 50 mg/l, 
and L- threonine 0.5 g/l. 

It cultured for 48 hours by 37 degrees- 
Celsius. 



[0077] 

The amount of L- methionine was measured by 
the amino acid analyzer (made in the Hitachi 
company) except the biomass from the culture. 

This result was shown in Table 3. 

L- methionine which did not observe in 
W3110strain, increased in W(DELTA)BCstrain 
and W(DELTA)BC(DELTA)J strain. 

As for the amount of L- methionine, the 
mutation of metK reduced in 
W(DELTA)BC(DELTA)JK-2strain. 
However, in W(DELTA)BC(DELTA)JK-32 strain, 
it was equivalent. A raise observes in 
W(DELTA)BC(DELTA)JK-24strain. 

The effect was observed in L- methionine 
production. 

W(DELTA) BC(DELTA) JK-24 strain holding 
plasmid pMWPthrmetA-W, the private number 
A J 13425 is provided. 

From May 14th, Heisei 10, it was deposits to 
the Ministry of International Trade and Industry 
Agency of Industrial Science and Technology 
National Institute of Bioscience and Human- 
Technology (postal code 305-8566, 1-1-3 
Higashi, Tsukuba Ibaraki-prefecture, Japan ). 
Acceptance-number FERM P-16808 is 
provided. 
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[Table 2] 
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(g/1) 


W3110/pWPthrmetA-W 


(metA') 


0.000 


ffABC/plWPthrmetA-W 


(thrBC, metA') 


0.008 


WABCAJ/pMWPthrmetA-W 


(metBL', thrBC _ , metA') 


0.022 


WABCAJK-2/pMWPthrmetA-UT (thrBC", netj", metBL', metK', metA') 


0.014 , 


WABCAJK-24/pMWPthrmetA-l 


If (thrBC - , metj-, metBL', metK', metA') 


0. 141 


WABC AJK-32/pMWPthrmetA-f (thrBC", inetj", metBL', metK', metA') 


0.023 



metK' : ^HfcSmetK, metA' : metAi#3&, metBL' : metBLi#<& 

L- methionine production amount of wild type metA introduced strain 
Strain, Production amount 



[0 0 7 9] [0079] 



metA mgm&ms.i 

metAitfe^<D©# 

w3nott^ 2 mi <d iBmm^m 

1 ml £ 5,000rpm X* 

10 ftmm>b#ML, mfc* 

0.9%<D^7kX 2 Lit. 
'&btitzffifc£ IOOmIOO. 

<D 5 n I £ 5 ml (D 1 g/| (D a f- 
/^-Dl-/3-Jr~^ (MM) ^ 
tfr-Y If* - $ > V 

m^mm Ltc 0 zti% 37°cx* 3 

^iZftHRtD'^ lg/I^MM^ 



[Example 4] 

Acquisition of metA mutant and an obstruction 

releasing type metA gene 

3110 strain of W is inoculated to 2 ml LB 

medium. 

It cultivated for 8 hours by 37 degrees- 
Celsius. 

1 ml of 10 minutes of this culture solution is 
centrifuged by 5,000 rpm. 

Microbial cells were twice washed by 0.9% of 
salt solution. 

The obtained microbial cells are suspended to 
100-micro-l 0.9% salt solution. 

Five of micro-l of it were inoculated to the day 
bis- Mingioli minimal medium containing 
(alpha)- methyl-DL-methionine (MM) of 5 ml 1 

g/i- 

This was cultivated for 3 days by 37 degrees- 
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£ WMM4, WMM5, WMM6, 
WMM7 > WMM8, Rlf WMM9 



[0 0 8 0] 

DNASrWKLfc. rtLSrUSt 
LTiE3W§-2 l&tf 2 2(£^ 

V^T P C RKJeS&?tV> metA it 

^ff>i' : OMia?iJ^IE^#-§-2 1 
2 2^^b/ci|itlffi7 0 7^ 
afetffcE#l##2 3&tf 

2 4 ^irmm^-r^y^ 

O metA &£E?!ltt % 

2 5 metA OjftS 

IE?iJ±T\ WMM4 tfc-Cfi 887 

WMM5 ttct?f4 893 b 
\/l/1fi=f- $ ^{C, WMM6 ft-Cli 
WMM7 IkU WMM8 W 
886 # g d> 890# I <DM. 
mzft^TZ ATCTC ftZSM 

1300 11*^*5 is2 tmt 

tlZW AIB^iJ (Ghosal, D. etal., 
Nucleic Acids Res. 6, 1111- 
1122(1979)) ^#£U WMM9 
tfct?f± 79 #a©v/h->^iSf- 
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Celsius. 

This culture solution is suitably applied to the 
day bis- Mingioli minimal medium containing 
MM of 1 g/l after a dilution. 

A night culture was carried out by 37 
degrees-Celsius. 

The colony isolation of some of the grown 
colony is carried out on LB agar medium. 
Growth by the day bis- Mingioli minimum 
medium which contains MM of 1 g/l again was 
confirmed. 

This operation is done independently 9 times. 
Six independent resistant strains are obtained. 
Each was named WMM4, WMM5, -WMM6, 
WMM7, WMM8, and WMM9. 

[0080] 

Chromosome DNA was prepared from these 
resistant strains. 

PCR reaction was done using the primer 
which has the sequence shown in sequence 
number 21 and 22, using this as a template, 
and metA gene was amplified. 

It determined using the primer for 
amplification which showed the base sequence 
of this amplification fragment to sequence 
number 21 and 22, and the primer which has 
the sequence which shows sequence number 
23 and 24. 

metA base sequence of a resistant strain, On 
the base sequence of wild-type metA shown in 
sequence number 25, In 4 strain of WMMs, the 
887th thymine is guanine. In 5 strain of WMMs, 
the 893rd cytosine is thymine. In 6 strain of 
WMMs, it is a wild type. In WMM7 and WMM8 
strains, the sequence of ATCTC corresponding 
to the base whose number is 890 from the 
886th position exists repeatedly. 

The insertion sequence (Ghosal, D.etal., 
NucleicAcidsRes.6, 1111-1122 (1979)) called 
IS2 which consists of about 1300 bases 
between them exists. In 9 strain of WMMs, the 
79th cytosine was changing to thymine. 

Consequently, in the amino acid sequence of 
HTS shown in sequence number 26, as for HTS 
of 4 strain of WMMs, the 296th isoleucine 
changes to serine. In WMM5strain, the 298th 
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T $ J ^IS^iJtC jol/ WMM4 
ft^HTSfi 296#@(D^y cz 
> V^ir y WMM5 ttT' 
ii298#@^yo y y^n^v/ 
^iC, WMM7&tfWMM8»-C 
(4ffAId^J(C =t o T 298 # B <7) 
7°d y ^SXfetfT/U^-y-u 

btezmmz, wmm9 mx*it 
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proline changes to a leucine. In WMM7 and 
WMM8strain, the 298th proline or later changes 
to the sequence which consists of an arginine- 
leucine- alanine- proline . with insertion 
sequences. 

In WMM9strain, it became evident that the 27th 
arginine is changing to cysteine. 



[0 0 8 1] 

metA 

h K tz WMM4 % WMM5 , 
WMM9, RU WMM7 tt£ LB 

#|Lfei$^JKiml £ 5,000rpm 
^10 &m&>bLtc'&, 1 ml <o 

o.9%©^±t7k -e 2 m.m& t tz 0 

£*t«r 1 ml (D 0.9%©**fcjcfc 
M U 0.5ml £ 50ml co^>^ 
Mil, 37°CT— Big^L 
tz 0 8,000rpm "C 10 ft 

Hl^'k Lfc^, 1 ml CO 0.9%cd 
-k&7kT*2fem&Ltz 0 
fc^ftSr 3 ml (D 50mM y V|£ 
* y >7A (pH7.5h ImM 

iS0"J 1 f£E«c©£j£|&$-C$J£ 
WMM7 tfcfcoi^TtefiHfc&tl 

rn«^Aia?ij(c j; § r ? y m 

< i&T L ft i> <D t # z. b titz 0 



[0081] 

A night test tube culture of 7 WMMs of WMM4 
WMM5, WMM9 and WMMs mutation was 
observed to be to metA structural gene was 
carried out by 37 degrees-Celsius by LB 
medium. After centrifuging 1 ml of 10 minutes of 
this culture solution by 5,000 rpm, it washed 
twice by 0.9% of 1 ml salt solution. 
This is suspended to 0.9% of 1 ml salt solution. 
0.5 ml is inoculated to a 50 ml minimal medium. 

The one day incubation was carried out by 37 
degrees-Celsius. 

After centrifuging 10 minutes of culture 
solutions by 8,000 rpm, it washed twice by 0.9% 
of 1 ml salt solution. 

The obtained biomass is suspended to the 
buffer which consists of 3 ml 50 mM potassium 
phosphate (pH7.5) and a 1 mM dithiothreitol. 

The same operation as having been shown in 
Example 1 was done, and the crude-enzyme 
extract was obtained. 

The result which measured HTS activity in a 
crude-enzyme extract by the reaction 
composition of Example 1 in the presence of the 
inhibitor was shown in Table 2. 

About 7 strain of WMMs, the activity was 
undetectable. The specific activity reduced 
greatly by the change of the amino acid 
sequence by the insertion sequence. 

The specific activities of the strain of other 
than that were about 1 of a wild strain, and 
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- >fc J; 5 PI* fc 19 ftf P L 
T^fco S AMtC <fc SPl^lt 
WMM9 «e"C»2 h EWfeftU 
fcb*l&;o>ofc;^WMM4.&.tf 
WMM5 tt-Cfi^^i->5ffifn]^ 

left 3S^7 ft PiLiS^rTF L fc L-^ 
t WMM4^r/WMM5*-CSll : 
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about 4. 

The obstruction by MM is released also in any 
of WMM4, WMM5, and 9 strain of WMMs, and 
was also abating the obstruction by L- 
methionine considerably. 

As for the obstruction by SAM, releasing 
hardly observed by 9 strain of WMMs. 

However, the trend to release observed in 
WMM4 and 5 strain of WMMs. 

The relaxation also with L- methionine which 
showed the strongest obstruction and the 
combination of SAM remarkable in a wild-strain 
HTS activity at WMM4 and WMM5 strain 
observed. 
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[Table 3] 
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S3 :#fflffiSffl^ffiTlw*5^5UMiBtta*Jt?©HTSrog«E 



a # m 


HTSgi 
(mtnol/min/mgll£fD 


W3U0 


WMM9 


WMM4 


WMM5 


?MM7 




22. a 


5.0 


4.5 


4.5 


0.0 


0. lmM MM 


18.6 


4.9 


4.1 


4.6 


0.0 


ImM MM 


f . 0 


2. 7 


4. 6 


4.8 


0.0 


0. ImM Met 


14. 3 


2.5 


4.5 


4.2 


0.0 


ImM Met 


O.B 


2.2 


4.0 


4,0 


0.0 


0. ImM SAM 


17.0 


1. 1 


46 


3.6 


0.0 


ImM SAM 


3.0 


0.5 


2.6 


3.3 


0.0 


0. ImM SAM 4-0. ImM Met 


0.0 


0.9 


5.6 


2.8 


0.0 
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HTS activity originated in MM resistant bacteria in the presence of each inhibitor 
Inhibitor, HTS activity (protein), 
Not added 
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immm 5 ] 

metA comMc X 5 L-/ 

MMM 4 flit metA 

m&<D o WMM9 m, WMM4 

wmm5 m<Dm-&& 
dna zmmt u mm^2 1 



[Example 5] 

L- methionine production by introduction of 
variant metA 

a template chromosome DNA (WMM9strain, 
WMM4strain, and WMM5 strain) among the 
mutants of metA obtained in Example 4. 

PCR reaction is respectively done, using the 
oligonucleotide which has the sequence of 
sequence number 21 and sequence number 22 
as a primer. The fragment containing metA 
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74-*— k L-CWJiPCR 
KfS£fTV\ metA W^4-^ 

Jttt\ Sphl Sail CD 

©JWMWtOPoiB*: Sphl 
Sail "C^rU Sphl fttf Sail 
■CWKLfc pHSG398 d- 

^C0 7°9^ 5 Kco Sphl &t>* 
Sail K«fc3iiO0r^ ^lil 

co Hindlll Sphl \z X 5§JBf 
tt, Hindlll S.t/ Sail -C§J 
0rLfcpMW118 (B*^-^tt 

fc, :ogfSST* JM1O9t*£0 

SI* ^7X^; K/S^ 3 

pMWPthrmetA-9 
pMWPthrmetA-4 , R XI 
pMWPthrmetA-5 t£ttmz 0 

[0 0 8 4] 

£ b\z.&mmm metA m*={-<o 

^^th^^MX* Mutan-Super 
Express Km (SfiJittft) Srffl 

iB?'J#-§-2 7|E«©ffi?iJ£fl"t- 

T, metA-4 metA-9 fgA 

Sra-g-fc-frT pMWPthrmetA- 
9+4«rfla&Lfc 0 ^{CmetA- 
5 metA-9 gAfcaa-g-ib 

-£T pMWPthrmetA-9+5 &fNK 
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gene was amplified. 

As for this amplification fragment, the 
recognition sequence of Sphl and Sail is 
introduced by both ends. 
The both ends of this amplification fragment are 
cut by Sphl and Sail. 

It cloned to pHSG398 cut by Sphl and Sail. 
The base sequence of an insert is determined. 

The mutating point was confirmed. 

The ligation was done after mixing the cut 
article by Sphl and Sail of this plasmid, the cut 
article by Hindlll and Sphl of the threonine 
promoter of Example 1, and pMW118 (made in 
a Japanese gene company) cut by Hindlll and 
Sail. 

JM109 strain is transformed by this reaction 
solution. 

The plasmid was extracted from the 
transformed body. 

The plasmid with which three persons were 
connected was selected from the obtained 
recombinant plasmid. 

These were each named pMWPthrmetA-9, 
pMWPthrmetA-4, and pMWPthrmetA-5. 



[0084] 

Furthermore in order to combine the mutating 
point of each variant metA gene, site specific 
mutation introduction was done according to the 
indication using Mutan-SuperExpressKm (made 
in a Takara-Shuzo company). 

metA-9 mutation is combined with metA-4 
mutation using the oligonucleotide which has 
the sequence of sequence number 27. 
pMWPthrmetA-9+4 were produced. 

metA-9 mutation was similarly combined with 
metA-5 mutation, and pMWPthrmetA-9+5 were 
produced. 

Furthermore the oligonucleotide which has 
the sequence of sequence number 28 is used. 
metA-5 [ metA-4 and ] mutation is combined 
with metA-9 mutation. pMWPthrmetA-9+4+5 
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[0 0 8 5] 

WABCAJK-32 tt£rft?JME& 

fe^frSr, 50mg/l <DT*h°-y]) 
y&^tt LB 7° I/- h±, 37t 

40g/L a^-v ^ ->^i 
g/L «££i6g/k y ^-*Sf# 
y **ig/U USttffi^ (Bacto 
Yeast-Extract (Difco) 2g/l, 
■visit* 0.01g/l , fift it ft 
0.01 g/k £K#/Wr>A 30g/L 
T^t°->y ^50mg/K L-xu 
V 0.5g/l Sr-g-tf pH7 <5Di#ife 
2Qml Idffi® U 37 C C"C 48 Bfffl 

/to ro^m^^4(^L/c 0 
L ^afflf*tt, ^£ 
M metA &>*A Lfclfcld.tt^ 
agUSo metA ^agALfc 

5 r. t «t ot, 
L — ^ ytii© $ & 

[0 0 8 6] [0086] 



[0085] 

W(DELTA) BC(DELTA) JK-32 strain was 
transformed using these plasmids, and the 
transformed body was obtained. 

Night incubation of each transformed body 
was carried out by 37 degrees-Celsius on LB 
plate containing a 50-mg/l ampicillin. 
Biomass is inoculated in 20 ml of the mediums 
of pH7 containing Glucose -40 g/l, 
magnesium-sulfate 1 g/l, ammonium-sulfate 16 
g/l, potassium-dihydrogenphosphate 1 g/l, a 
yeast extract (BactoYeast-Extract(Difco)2 g/l, 
manganese-sulfate 0.01 g/l, iron-sulfate 0.01 
g/l, calcium-carbonate 30 g/l, ampicillin 50 mg/l, 
and L- threonine 0.5 g/l. 

It cultured for 48 hours by 37 degrees- 
Celsius. 

The amount of L- methionine was measured 
by the amino acid analyzer (made in the Hitachi 
company) except the biomass from the culture. 
This result was shown in Table 4. 
As for the amount of L- methionine 
accumulation, Compared with the strain which 
introduced wild-type metA, the increase in 
several times was carried out on the strain 
which introduced metA of a variant. 

Furthermore by combining mutation, the 
further increase in L- methionine throughput 
observed. 



I«4] 



[Table 4] 
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*4 : gESS«etA»Aft<7)L-p<^=v^a 





(g/1) 


12 A Df A TV OO /-MVD ♦ L, „ t- A V 


r\ n 0 0 
U . U J 0 


Of A tjr" A TV OO /—liWD ♦ L —™ „ ♦ A _o 


U . loo 


ff ART A TtT— 0.0/nUVPtkmai-A— A 

w A bl £A j ft— o£/ pfliw r tnrine ut^t 


u . 1 u 0 


ff ABC A JK~32/pMfP thrnie tA-5 


0.131 


ffABCAJK-32/pMWPthrmetA-9+4 


0. 206 


W A BC A JK-32/pMWPthrne tA-549 


0.207 


ff ABC A JK-32/pMFPthrnetA-9-K-^ 


0.236 



Lr methionine production amount of mutated metA introduced strain 
Strain, L : methionine production amount 



[0 0 8 7] 



[0087] 



#$S93©aE*S metA itfe^ 

SWT?, L-^^y^jl® 
60 



[EFFECT OF THE INVENTION] 

The microorganisms which have L- methionine 
producing ability are provided by this invention. 

The said microorganisms can be utilized as 
material of the breeding of L- methionine 
producing microbe as a L- methionine 
producing microbe. 

As for the variant metA gene of this invention, 
the concernedjnhibition by L- methionine and 
SAM is released. 

Therefore it can utilize for the breeding of L- 
methionine producing microbe. 
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[mm] 

SEQUENCE LISTING 

<no> * <d m m x g *± 

(Ajinomoto Co., Ltd) 
<120> mm£KSLZ>L-t^ 
sf-^(Dm&fe (Method for 
Producing L-Methion 
ine by Fermentation) 
<130> P-6041 
<141> 1998-11-17 
<160> 29 

<170> Patentln Ver. 2.0 

[0 0 8 9] 
<210> 1 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 1 

gggaattctg gcaggaggaa 

ctggcgca 

28 



[Sequence table] 

SEQUENCELISTING 

<110> Ajinomoto Co., Inc. K.K. (AjinomotoCo., 
Ltd) 

<120> The manufacturing method of L- 

methionine by the fermentation method 

(MethodforProducingL- 

MethioninebyFermentation) 

<130>P-6041 

<141>1998-11-17 

<160>29 

<170>PatentlnVer.2.0 



[0089] 

<210>1 

<211>28 

<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>1 

gggaattctggcaggaggaactggcgca 
28 



[0 0 9 0] [0090] 

<210>2 <210>2 

<211>28 <211>28 

<212>DNA <212>DNA 

<213> Artificial Sequence <213>ArtificialSequence 

<220> <220> 

<223> Description of Artificial <223>DescriptionofArtificialSequence:primer 

Sequence:primer <400>2 

<400> 2 gggtcgacgctcatattggcactggaag 

gggtcgacgc tcatattggc 28 

actggaag 

28 



[0 0 9 1 ] 
<210> 3 
<211>28 
<212> DNA 



[0091] 

<210>3 

<211>28 

<212>DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 3 

gggtcgacat cagtaaaatc tattcatt 
28 
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<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>3 

gggtcgacatcagtaaaatctattcatt 
28 



[0 0 9 2] 
<210>4 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 4 

ggaagcttgc ccgagggaaa 

gatctgta 

28 

[0 0 9 3] 
<210>5 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 5 

gggcatgccc agggaacttc 

atcacatg 

28 

[0 0 9 4] 
<210>6 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 6 

gggaattctc atggttgcgg cgtgagag 
28 



[0092] 

<210>4 

<211>28 

<212>DNA 

<213>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>4 

ggaagcttgcccgagggaaagatctgta 
28 



[0093] 

<210>5 

<211>28 

<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>5 

gggcatgcccagggaacttcatcacatg 
28 



[0094] 

<210>6 

<211>28 

<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>6 

gggaattctcatggttgcggcgtgagag 
28 



[0 0 9 5 ] 



[0095] 
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<210>7 

<211>28 

<212>DNA 

<21 3>ArtificialSequence 
<220> 



<210>7 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial <223>DescriptionofArtificialSequence:primer 
Sequence:primer <400>7 

<400> 7 ggaagcttgcgtgagatggggattaacc 

ggaagcttgc gtgagatggg 28 

gattaacc 

28 



[0 0 9 6] 
<210>8 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400>8 

gggaattcta ctgctagctg ctcttgcg 
28 

[0 0 9 7] 
<210>9 
<211>75 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 9 

ggaagcttaa aattttattg acttaggtca 
ctaaatactt taaccaatat 
aggcatagcg 60 

cacagacgca tgccc 
75 



[0096] 

<210>8 

<211>28 

<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>8 

gggaattctactgctagctgctcttgcg 
28 



[0097] 

<210>9 

<211>75 

<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>9 

ggaagcttaaaattttattgacttaggtcactaaatactttaacca 

atataggcatagcg60cacagacgcatgccc 

75 



[0 0 9 8] 
<210> 10 
<211> 75 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
Sequence:primer 



[0098] 

<210>10 
<211>75 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>10 
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<400> 10 

gggcatgcgt ctgtgcgcta tgcctatatt 
ggttaaagta tttagtgacc 
taagtcaata 60 

aaattttaag cttcc 
75 

[0 0 9 9] 
<210> 11 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 11 

caacagtttg agctaacc 
18 

[0 10 0] 
<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 12 

gcggtttttt tgccggatgc 
20 

[0101] 
<210> 13 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 13 

tcggctacgc aactaatg 
18 
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gggcatgcgtctgtgcgctatgcctatattggttaaagtatttagtg 

acctaagtcaata60aaattttaagcttcc 

75 



[0099] 

<210>11 
<211>18 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>11 

caacagtttgagctaacc 
18 



[0100] 

<210>12 
<211>20 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>12 

gcggtttttttgccggatgc 
20 



[0101] 

<210>13 
<211>18 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>13 

tcggctacgcaactaatg 
18 



[0102] 
<210> 14 
<211> 18 
<212> DNA 



[0102] 

<210>14 
<211>18 
<212>DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequencerprimer 

<400> 14 

gagaatgcac cgccaccg 
18 



THOMSON 

DERWENT 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>14 

gagaatgcaccgccaccg 
18 



[0 10 3] [0103] 

<210> 15 <210>15 

<211> 18 <211>18 

<212> DNA <212>DNA 

<21 3> Artificial Sequence <21 3>ArtificialSequence 

<220> <220> 

<223> Description of Artificial <223>DescriptionofArtificialSequence:primer 

Sequence:primer <400>1 5 

<400> 15 tggcgcgtcacggtggcg 

tggcgcgtca cggtggcg 18 

18 

[0 10 4] [0104] 

<210> 16 <210>16 

<211> 18 <211>18 

<212>DNA <212>DNA 

<21 3> Artificial Sequence <21 3>ArtificialSequence 

<220> <220> 

<223> Description of Artificial <223>DescriptionofArtificialSequence:primer 

Sequence:primer <400>16 

<400> 16 gcacgtcggtttcattag 

gcacgtcggt ttcattag 18 

18 



[0 10 5] 
<210> 17 
<211> 1155 
<212> DNA 
<213> Escherichia coli 
<220> 
<221>CDS 
<222> (1)..(1152) 
<400> 17 

atg gca aaa cac ctt ttt acg tec 
gag tec gtc tct gaa ggg cat cct 
48 

Met Ala Lys His Leu Phe Thr 
Ser Glu Ser Val Ser Glu Gly His 
Pro 



[0105] 

<210>17 

<211>1155 

<212>DNA 

<213>Escherichiacoli 

<220> 

<221>CDS 

<222>(1).(1152) 

<400>17 

atggcaaaacacctttttacgtccgagtccgtctctgaagggcat 
cct 48 

MetAlaLysHisLeuPheThrSerGluSerValSerGluG 
lyHisPro 

1 5 10 

15 
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1 5 gacaaaattgctgaccaaatttctgatgccgttttagacgcgatc 

10 15 etc 96 

gac aaa att get gac caa att tct AspLyslleAlaAspGlnlleSerAspAlaValLeuAspAla 

gat gee gtt tta gac gcg ate etc lie Leu 

96 20 25 

Asp Lys He Ala Asp Gin lie Ser 30 

Asp Ala Val Leu Asp Ala lie Leu gaacaggatccgaaagcacgcgttgcttgcgaaacctacgta 

20 aaaacc 144 

25 30 GluGlnAspProLysAlaArgValAlaCysGluThrTyrVa 

gaa cag gat ccg aaa gca cgc gtt ILysThr 

get tgc gaa ace tac gta aaa ace 35 40 

144 45 

Glu Gin Asp Pro Lys Ala Arg Val ggcatggttttagttggcggcgaaatcaccaccagcgcctgggt 

Ala Cys Glu Thr Tyr Val Lys Thr agac 1 92 

35 GlyMetValLeuValGlyGlyGlulleThrThrSerAlaTrp 

40 45 ValAsp 

ggc atg gtt tta gtt ggc ggc gaa 50 55 

ate ace acc age gee tgg gta gac 60 

1 92 atcgaagagatcacccgtaacaccgttcgcgaaattggctatgt 

Gly Met Val Leu Val Gly Gly Giu gcat 240 

He Thr Thr Ser Ala Trp Val Asp HeGluGlulleThrArgAsnThrValArgGlulleGlyTyrVa 

50 55 IHis 

60 65 70 

ate gaa gag ate acc cgt aac acc 75 80 

gtt cgc gaa att ggc tat gtg cat tccgacatgggctttgacgctaactcctgtgcggttctgagcgct 

240 ate 288 

lie Glu Glu lie Thr Arg Asn Thr SerAspMetGlyPheAspAlaAsnSerCysAlaValLeu 

Val Arg Glu He Gly Tyr Val His SerAlalle 

65 70 85 90 

75 80 95 

tec gac atg ggc ttt gac get aac ggcaaacagtctcctgacatcaaccagggcgttgaccgtgcc 

tec tgt gcg gtt ctg age get ate gatccg 336 

288 GlyLysGlnSerProAsplleAsnGlnGlyValAspArgAI 

Ser Asp Met Gly Phe Asp Ala aAspPro 

Asn Ser Cys Ala Val Leu Ser 100 105 

Ala lie 110 

85 ctggaacagggcgcgggtgaccagggtctgatgtttggctacg 

90 95 caact 384 

ggc aaa cag tct cct gac ate aac LeuGluGlnGlyAlaGlyAspGlnGlyLeuMetPheGly 

cag ggc gtt gac cgt gee gat ccg TyrAlaThr 

336 115 120 

Gly Lys Gin Ser Pro Asp lie Asn 1 25 

Gin Gly Val Asp Arg Ala Asp aatgaaaccgacgtgctgatgccagcacctatcacctatgcac 

Pro accgt 432 

1 00 AsnGluThrAspValLeuMetProAlaProlleThrTyrAI 

105 110 aHisArg 

ctg gaa cag ggc gcg ggt gac 130 135 
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cag ggt ctg atg ttt ggc tac gca 140 

act 384 ctggtacagcgtcaggctgaagtgcgtaaaaacggcactctgc 

Leu Glu Gin Gly Ala Gly Asp cgtgg 480 

Gin Gly Leu Met Phe Gly Tyr LeuValGlnArgGlnAlaGluValArgLysAsnGlyThrLe 

AlaThr uProTrp 

115 145 150 

120 125 155 160 

aat gaa acc gac gtg ctg atg cca ctgcgcccggacgcgaaaagccaggtgacttttcagtatgacg 

gca cct ate acc tat gca cac cgt aegge 528 

432 LeuArgProAspAlaLysSerGlnValThrPheGlnTyrA 

Asn Glu Thr Asp Val Leu Met spAspGly 

Pro Ala Pro lie Thr Tyr Ala His 165 170 

Arg 175 

130 13 5 aaaatcgttggtatcgatgctgtcgtgctttccactcagcactctg 

140 aa 576 

ctg gta cag cgt cag get gaa gtg LyslleValGlylleAspAlaValValLeuSerThrGlnHisS 
cgt aaa aac ggc act ctg ccg tgg erGlu 

480 " ~ ~° 180 185 

Leu Val Gin Arg Gin Ala Glu Val 1 90 

Arg Lys Asn Gly Thr Leu Pro gagatcgaccagaaatcgctgcaagaagcggtaatggaaga 
Trp gatcatc 624 

145 150 GlulleAspGlnLysSerLeuGlnGluAlaValMetGluGI 

155 160 ullelle 

ctg cgc ccg gac gcg aaa age 195 200 
-cag gtg act ttt cag tat gac gac 205 

99 c 528 aagccaattctgcccgctgaatggctgacttctgccaccaaattc 
leu Arg Pro Asp Ala Lys Ser ttc 672 

Gin Val Thr Phe Gin Tyr Asp LysProlleLeuProAlaGluTrpLeuThrSerAlaThrLys 
Asp Gly PhePhe 

165 210 215 

170 175 220 

aaa ate gtt ggt ate gat get gtc atcaacccgaccggtcgtttcgttatcggtggcccaatgggtga 
gtg ctt tec act cag cac tct gaa ctgc 720 

576 HeAsnProThrGlyArgPheVallleGlyGlyProMetGly 
Lys lie Val Gly lie Asp Ala Val AspCys 

Val Leu Ser Thr Gin His Ser Glu 225 230 
180 235 240 

1 85 190 ggtctgactggtcgtaaaattatcgttgatacctacggcggcatg 

gag ate gac cag aaa teg ctg caa gcg 768 

gaa gcg gta atg gaa gag ate ate GlyLeuThrGlyArgLysllelleValAspThrTyrGlvGlv 

624 MetAla 

Glu lie Asp Gin Lys Ser Leu Gin 245 250 

Glu Ala Val Met Glu Glu lie lie 255 

1 95 cgtcacggtggcggtgcattctctggtaaagatccatcaaaagt 

200 205 ggac 816 

aag cca att ctg ccc get gaa tgg ArgHisGlyGlyGlyAlaPheSerGlyLysAspProSerL 

ctg act tct gee acc aaa ttc ttc ysValAsp 
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672 260 265 

Lys Pro lie Leu Pro Ala Glu Trp 270 

Leu Thr Ser Ala Thr Lys Phe cgttccgcagcctacgcagcacgttatgtcgcgaaaaacatcg 

Phe ' ttgct 864 ; 

210 215 ArgSerAlaAlaTyrAlaAlaArgTyrValAlaLysAsnlleV 

220 alAla 

ate aac ccg acc ggt cgt ttc gtt 275 280 

ate ggt ggc cca atg ggt gac tgc 285 

720 gctggcctggccgatcgttgtgaaattcaggtttcctacgcaatc 

lie Asn Pro Thr Gly Arg Phe Val ggc 91 2 

lie Gly Gly Pro Met Gly Asp Cys AlaGlyLeuAlaAspArgCysGlulleGlnValSerTyrAla 

225 230 NeGly 

235 240 290 295 

ggt ctg act ggt cgt aaa att ate gtt 300 

gat acc tac ggc ggc atg gcg gtggctgaaccgacctccatcatggtagaaactttcggtactga 

768 gaaa 960 

Gly Leu Thr Gly Arg Lys lie lie VaiAIaGluProThrSerlleMetValGluThrPheGlyThr 

Val Asp Thr Tyr Gly Gly Met Ala GluLys 

245 305 310 

250 255 315 320 

cgt cac ggt ggc ggt gca ttc tct gtgccttctgaacaactgaccctgctggtacgtgagttcttcgac 

ggt aaa gat cca tea aaa gtg gac ctg 1008 

81 6 ValProSerGluGlnLeuThrLeuLeuValArgGluPheP 

Arg His Gly Gly Gly Ala Phe Ser heAspLeu 

Gly Lys Asp Pro Ser Lys Val 325 330 

Asp 335 

260 cgcccatacggtctgattcagatgctggatctgctgcacccgatc 

265 270 tac 1056 

cgt tec gca gee tac gca gca cgt ArgProTyrGlyLeulleGlnMetLeuAspLeuLeuHisPr 

tat gtc gcg aaa aac ate gtt get olleTyr 

864 340 345 

Arg Ser Ala Ala Tyr Ala Ala Arg 350 

Tyr Val Ala Lys Asn lie Val Ala aaagaaaccgcagcatacggtcactttggtcgtgaacatttccc 

275 gtgg 1104 

280 285 LysGluThrAlaAlaTyrGlyHisPheGlyArgGluHisPh 

get ggc ctg gec gat cgt tgt gaa eProTrp 

att cag gtt tec tac gca ate ggc 355 360 

912 365 

Ala Gly Leu Ala Asp Arg Cys gaaaaaaccgacaaagcgcagctgctgcgcgatgctgccgg 

Glu lie Gin Val Ser Tyr Ala lie tctgaag 1152 

Gly GluLysThrAspLysAlaGlnLeuLeuArgAspAlaAlaG 

290 295 lyLeuLys 

300 370 375 

gtg get gaa ccg acc tec ate atg 380 

gta gaa act ttc ggt act gag aaa taa 

960 ~" 1155 

Val Ala Glu Pro Thr Ser lie Met 
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Val Glu Thr Phe Gly Thr Glu Lys 
305 310 
315 320 
gtg cct tct gaa caa ctg acc ctg 
ctg gta cgt gag ttc ttc gac ctg 
1008 

Val Pro Ser Glu Gin Leu Thr 
Leu Leu Val Arg Glu Phe Phe 
Asp Leu 

325 

330 335 
cgc cca tac ggt ctg att cag atg 
ctg gat ctg ctg cac ccg ate tac 
1056 

Arg Pro Tyr Gly Leu lie Gin Met 
Leu Asp Leu Leu His Pro He Tyr 

340 . 
345 350 
aaa gaa acc gca gca tac ggt 
cac ttt ggt cgt gaa cat ttc ccg 
tgg 1104 

Lys Glu Thr Ala Ala Tyr Gly His 
Phe Gly Arg Glu His Phe Pro 
Trp 

355 

360 365 
gaa aaa acc gac aaa gcg cag 
ctg ctg cgc gat get gec ggt ctg 
aag 1152 

Glu Lys Thr Asp Lys Ala Gin 
Leu Leu Arg Asp Ala Ala Gly 
Leu Lys 



370 



380 

taa 

1155 



375 



[0 10 6] 
<210> 18 
<211>384 
<212> PRT 
<213> Escherichia coli 
<400> 18 

Met Ala Lys His Leu Phe Thr 
Ser Glu Ser Val Ser Glu Gly His 
Pro 

1 5 
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[0106] 

<210>18 

<211>384 

<212>PRT 

<213>Escherichiacoli 

<400>18 

MetAlaLysHisLeuPheThrSerGluSerValSerGluG 
lyHisPro 

1 5 10 

15 
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10 15 AspLyslleAlaAspGlnlleSerAspAlaValLeuAspAla 

Asp Lys lie Ala Asp Gin lie Ser HeLeu 

Asp Ala Val Leu Asp Ala He Leu 20 25 

20 30 
25 30 GluGlnAspProLysAlaArgValAlaCysGluThrTyrVa 

Glu Gin Asp Pro Lys Ala Arg Val ILysThr 

Ala Cys Glu Thr Tyr Val Lys Thr 35 40 

35 45 
40 45 GlyMetValLeuValGlyGlyGlulleThrThrSerAlaTrp 

Gly Met Val Leu Val Gly Gly Glu ValAsp 

lie Thr Thr Ser Ala Trp Val Asp 50 55 

50 55 60 

60 HeGluGlulleThrArgAsnThrValArgGlulleGlyTyrVa 
lie Glu Glu lie Thr Arg Asn Thr IHis 

Val Arg Glu lie Gly Tyr Val His 65 70 
65 70 75 80 

75 80 SerAspMetGlyPheAspAlaAsnSerCysAlaValLeu 

Ser Asp Met Gly Phe Asp Ala SerAlalle 

Asn Ser Cys Ala Val Leu Ser 85 90 
Ala lie 95 

85 GlyLysGlnSerProAsplleAsnGlnGlyValAspArgAI 
90 95 aAspPro 

Gly Lys Gin Ser Pro Asp lie Asn 100 105 
Gin Gly Val Asp Arg Ala Asp 110 

Pro LeuGluGlnGlyAlaGlyAspGlnGlyLeuMetPheGly 

100 TyrAlaThr 
105 110 115 120 

Leu Glu Gin Gly Ala Gly Asp 125 

Gin Gly Leu Met Phe Gly Tyr AsnGluThrAspValLeuMetProAlaProlleThrTyrAI 
Ala Thr aHisArg 

115 130 135 

120 125 140 

Asn Glu Thr Asp Val Leu Met LeuValGlnArgGlnAlaGluValArgLysAsnGlyThrLe 
Pro Ala Pro lie Thr Tyr Ala His uProTrp 

Arg 145 150 

130 135 155 160 

1 40 LeuArgProAspAlaLysSerGlnValThrPheGlnTyrA 
Leu Val Gin Arg Gin Ala Glu Val spAspGly 

Arg Lys Asn Gly Thr Leu Pro 165 170 
Trp 175 

145 150 LyslleValGlylleAspAlaValValLeuSerThrGlnHisS 

155 160 erGlu 

Leu Arg Pro Asp Ala Lys Ser 180 185 
Gin Val Thr Phe Gin Tyr Asp 190 

Asp Gly GlulleAspGlnLysSerLeuGlnGluAlaValMetGluGI 

165 ullelle 
170 175 195 200 
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Lys lie Val Gly lie Asp Ala Val 
Val Leu Ser Thr Gin His Ser Glu 
180 

185 190 
Glu lie Asp Gin Lys Ser Leu Gin 
Glu Ala Val Met Glu Glu lie lie 
195 

200 205 
Lys Pro lie Leu Pro Ala Glu Trp 
Leu Thr Ser Ala Thr Lys Phe 
Phe 

210 215 

220 

lie Asn Pro Thr Gly Arg Phe Val 
He Gly Gly Pro Met Gly Asp Cys 
225 230 
235 240 
Gly Leu Thr Gly Arg Lys lie He 
Val Asp Thr Tyr Gly Gly Met Ala 
245 

250 255 
Arg His Gly Gly Gly Ala Phe Ser 
Gly Lys Asp Pro Ser Lys Val 
Asp 

260 

265 270 
Arg Ser Ala Ala Tyr Ala Ala Arg 
Tyr Val Ala Lys Asn He Val Ala 
275 

280 285 
Ala Gly Leu Ala Asp Arg Cys 
Glu He Gin Val Ser Tyr Ala He 
Gly 

290 295 

300 

Val Ala Glu Pro Thr Ser He Met 
Val Glu Thr Phe Gly Thr Glu Lys 
305 310 
315 320 
Val Pro Ser Glu Gin Leu Thr 
Leu Leu Val Arg Glu Phe Phe 
Asp Leu 

325 

330 335 
Arg Pro Tyr Gly Leu He Gin Met 
Leu Asp Leu Leu His Pro lie Tyr 
340 
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DERWENT 

205 

LysProlleLeuProAlaGluTrpLeuThrSerAlaThrLys 
PhePhe 

210 . 215 

220 

HeAsnProThrGlyArgPheVallleGlyGlyProMetGly 
AspCys 

225 230 
235 240 

GlyLeuThrGlyArgLysllelleValAspThrTyrGlyGly 
MetAla 

245 250 
255 

ArgHisGlyGlyGlyAlaPheSerGlyLysAspProSerL 
ysValAsp 

260 265 
270 

ArgSerAlaAlaTyrAlaAlaArgTyrValAlaLysAsnlleV 
alAla 

275 280 
285 

AlaGlyLeuAlaAspArgCysGlulleGlnValSerTyrAla 
lleGly 

290 295 
300 

ValAlaGluProThrSerlleMetValGluThrPheGlyThr 
GluLys 

305 310 
315 320 

ValProSerGluGlnLeuThrLeuLeuValArgGluPheP 
heAspLeu 

325 330 
335 

ArgProTyrGlyLeulleGlnMetLeuAspLeuLeuHisPr 
olleTyr 

340 345 
350 

LysGluThrAlaAlaTyrGlyHisPheGlyArgGluHisPh 
eProTrp 

355 360 
365 

GluLysThrAspLysAlaGlnLeuLeuArgAspAlaAlaG 
lyLeuLys 

370 375 
380 
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345 350 
Lys Glu Thr Ala Ala Tyr Gly His 
Phe Gly Arg Glu His Phe Pro 
Trp 

355 

360 365 
Glu Lys Thr Asp Lys Ala Gin 
Leu Leu Arg Asp Ala Ala Gly 
Leu Lys 

370 375 

380 
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DERWENT 



(0 10 7] 
<210> 19 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 19 

ggaagcttaa gcagagatgc 

agagtgcg 

28 

[0 10 8] 
<210> 20 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 20 

ggaagcttgg tgcggtataa 

gaggccac 

28 



[0107] 

<210>19 
<211>28 
<212>DNA 

<2 1 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>19 

ggaagcttaagcagagatgcagagtgcg 
28 



[0108] 

<210>20 
<211>28 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>20 

ggaagcttggtgcggtataagaggccac 
28 



[0 10 9] 
<210>21 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 21 



[0109] 

<210>21 
<211>28 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>21 

gggcatgctgtagtgaggtaatcaggtt 
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gggcatgctg tagtgaggta atcaggtt 28 
28 



THOMSON 

4- 
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[0 1 10] 
<210> 22 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 



[0110] 

<210>22 
<211>28 
<212>DNA 

<213>ArtificialSequence 
<220> 

<223> Description of Artificial <223>DescriptionofArtificialSequence:primer 

Sequence.primer <400>22 

<400> 22 gggtcgacttaatccagcgttggattca 

gggtcgactt aatccagcgt tggattca 28 

28 



[0 111] 
<210> 23 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 



[0111] 

<210>23 
<211>18 
<212>DNA 

<213>ArtificialSequence 
<220> 

<223> Description of Artificial <223>DescriptionofArtificialSequence:primer 

Sequence:primer <400>23 

<400>23 tgtctgctgggcggtaca 

tgtctgctgg gcggtaca 18 

18 



[0 112] 
<210> 24 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 24 

agagagtttt tcggtgcg 
18 



[0112] 

<210>24 
<211>18 
<212>DNA 

<213>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>24 

agagagtttttcggtgcg 
18 



[0 113] 
<210> 25 
<211>930 
<212> DNA 
<213> Escherichia coli 
<220> 
<221> CDS 
<222>(1)..(927) 



[0113] 

<210>25 

<211>930 

<212>DNA 

<213>Escherichiacoli 

<220> 

<221>CDS 

<222>(1).(927) 
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<400> 25 

atg ccg att cgt gtg ccg gac gag 
eta ccc gec gtc aat ttc ttg cgt 
48 

Met Pro lie Arg Val Pro Asp Glu 
Leu Pro Ala Val Asn Phe Leu 
Arg 

1 5 
10 15 
gaa gaa aac gtc ttt gtg atg aca 
act tct cgt gcg tct ggt cag gaa 
96 

Glu Glu Asn Val Phe Val Met 
Thr Thr Ser Arg Ala Ser Gly Gin 
Glu 

20 

25 30 
att cgt cca ctt aag gtt ctg ate ctt 
aac ctg atg ccg aag aag att 
144 

He Arg Pro Leu Lys Val Leu He 
Leu Asn Leu Met Pro Lys Lys 
He 

35 

40 . 45 

gaa act gaa aat cag ttt ctg cgc 
ctg ctt tea aac tea cct ttg cag 
192 

Glu Thr Glu Asn Gin Phe Leu 
Arg Leu Leu Ser Asn Ser Pro 
Leu Gin 

50 55 

60 

gtc gat att cag ctg ttg cgc ate 
gat tec cgt gaa teg cgc aac acg 
240 

Val Asp lie Gin Leu Leu Arg lie 
Asp Ser Arg Glu Ser Arg Asn 
Thr 

65 70 
75 80 
ccc gca gag cat ctg aac aac ttc 
tac tgt aac ttt gaa gat att cag 
288 

Pro Ala Glu His Leu Asn Asn 
Phe Tyr Cys Asn Phe Glu Asp 
lie Gin 



THOMSON 

— * — ~ 

DERWENT 

<400>25 

atgccgattcgtgtgccggacgagctacccgccgtcaatttcttg 
cgt 48 

MetProlleArgValProAspGluLeuProAlaValAsnPh 
eLeuArg 

1 5 10 

15 

gaagaaaacgtctttgtgatgacaacttctcgtgcgtctggtcag 
gaa 96 

GluGluAsnValPheValMetThrThrSerArgAlaSerGI 
yGlnGlu 

20 25 
30 

attcgtccacttaaggttctgatccttaacctgatgccgaagaag 
att 144 

HeArgProLeuLysValLeulleLeuAsnLeuMetProLy 
sLyslle 

35 40 
45 

gaaactgaaaatcagtttctgcgcctgctttcaaactcacctttgc 
ag 192 

GluThrGluAsnGlnPheLeuArgLeuLeuSerAsnSer 
ProLeuGIn 

50 55 
60 

gtcgatattcagctgttgcgcatcgattcccgtgaatcgcgcaac 
acg 240 

ValAsplleGlnLeuLeuArglleAspSerArgGluSerAr 
gAsnThr 

65 70 
75 80 
cccgcagagcatctgaacaacttctactgtaactttgaagatatt 
cag 288 

ProAlaGluHisLeuAsnAsnPheTyrCysAsnPheGlu 
AsplleGIn 

85 90 
95 

gatcagaactttgacggtttgattgtaactggtgcgccgctgggc 
ctg 336 

AspGlnAsnPheAspGlyLeulleValThrGlyAIaProL 
euGlyLeu 

100 105 
110 

gtggagtttaatgatgtcgcttactggccgcagatcaaacaggt 
gctg 384 

ValGluPheAsnAspValAlaTyrTrpProGlnlleLysGIn 
ValLeu 
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85 115 120 

90 95 125 

gat cag aac ttt gac ggt ttg att gagtggtcgaaagatcacgtcacctcgacgctgtttgtctgctgg 

gta act ggt gcg ccg ctg ggc ctg gcg 432 , 

336 GluTrpSerLysAspHisValThrSerThrLeuPheValC 
Asp Gin Asn Phe Asp Gly Leu ysTrpAla 

He Val Thr Gly Ala Pro Leu Gly 130 135 
Leu 140 

1 00 gtacaggccgcgctcaatatcctctacggcattcctaagcaaac 

105 110 tcgc 480 

gtg gag ttt aat gat gtc get tac ValGlnAlaAlaLeuAsnlleLeuTyrGlylleProLysGInT 

tgg ccg cag ate aaa cag gtg ctg hrArg 

384 145 150 

Val Glu Phe Asn Asp Val Ala 155 160 

Tyr Trp Pro Gin lie Lys Gin Val accgaaaaactctctggcgtttacgagcatcatattctccatcctc 

Leu at 528 

1 1 5 ThrGluLysLeuSerGlyValTyrGluHisHislleLeuHis 

120 125 ProHis 

gag tgg teg aaa gat cac gtc acc 165 170 

teg acg ctg ttt gtc tgc tgg gcg 175 

432 gcgcttctgacgcgtggctttgatgattcattcctggcaccgcatt 

Glu Trp Ser Lys Asp His Val Thr eg 576 

Ser Thr Leu Phe Val Cys Trp AlaLeuLeuThrArgGlyPheAspAspSerPheLeuAla 

Ala ProHisSer 

130 135 180 185 

140 190 

gta cag gee gcg etc aat ate etc cgctatgctgactttccggcagcgttgattcgtgattacaccgatc 

tac ggc att cct aag caa act cgc tg 624 

480 ArgTyrAlaAspPheProAlaAlaLeulleArgAspTyrTh 

Val Gin Ala Ala Leu Asn He Leu rAspLeu 

Tyr Gly He Pro Lys Gin Thr Arg 1 95 200 

145 150 205 

155 160 gaaattctggcagagacggaagaaggggatgcatatctgtttg 

acc gaa aaa etc tct ggc gtt tac ccagt 672 

gag cat cat att etc cat cct cat GlulleLeuAlaGluThrGluGluGlyAspAlaTyrLeuPh 

528 eAlaSer 

Thr Glu Lys Leu Ser Gly Val Tyr 21 0 215 

Glu His His lie Leu His Pro His 220 

1 65 aaagataagcgcattgcctttgtgacgggccatcccgaatatga 

170 175 tgcg 720 

gcg ctt ctg acg cgt ggc ttt gat LysAspLysArglleAlaPheValThrGlyHisProGluTyr 

gat tea ttc ctg gca ccg cat teg AspAla 

576 225 230 

Ala Leu Leu Thr Arg Gly Phe 235 240 

Asp Asp Ser Phe Leu Ala Pro caaacgctggcgcaggaatttttccgcgatgtggaagccggac 

His Ser tagac 768 

1 80 GlnThrLeuAlaGlnGluPhePheArgAspValGluAla 
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185 190 GlyLeuAsp 

cgc tat get gac ttt ccg gca gcg 245 250 
ttg att cgt gat tac acc gat ctg 255 

624 ccggatgtaccgtataactatttcccgcacaatgatccgcaaaa 
Arg Tyr Ala Asp Phe Pro Ala taca 816 

Ala Leu He Arg Asp Tyr Thr Asp ProAspValProTyrAsnTyrPheProHisAsnAspPro 
Leu GlnAsnThr 

195 260 265 

200 205 270 

gaa att ctg gca gag acg gaa ccgcgagcgagctggcgtagtcacggtaatttactgtttaccaa 
gaa ggg gat gca tat ctg ttt gec ctgg 864 

agt 672 ProArgAlaSerTrpArgSerHisGlyAsnLeuLeuPheT 
Glu He Leu Ala Glu Thr Glu Glu hrAsnTrp 

Gly Asp Ala Tyr Leu Phe Ala 275 . 280 

Ser 285 

210 215 ctcaactattacgtctaccagatcacgccatacgatctacggca 

220 catg 912 

aaa gat aag cgc att gec ttt gtg LeuAsnTyrTyrValTyrGlnlleThrProTyrAspLeuArg 
acg ggc cat ccc gaa tat gat gcg HisMet 

720 290 295 

Lys Asp Lys Arg lie Ala Phe Val 300 

Thr Gly His Pro Glu Tyr Asp Ala aatccaacgctggattaa 

225 230 930 

235 240 AsnProThrLeuAsp 

caa acg ctg gcg cag gaa ttt ttc 305 

cgc gat gtg gaa gec gga eta gac 

768 

Gin Thr Leu Ala Gin Glu Phe 
Phe Arg Asp Val Glu Ala Gly 
Leu Asp 

245 

250 255 
ccg gat gta ccg tat aac tat ttc 
ccg cac aat gat ccg caa aat aca 
816 

Pro Asp Val Pro Tyr Asn Tyr 
Phe Pro His Asn Asp Pro Gin 
Asn Thr 

260 

265 270 
ccg cga gcg age tgg cgt agt cac 
ggt aat tta ctg ttt acc aac tgg 
864 

Pro Arg Ala Ser Trp Arg Ser His 
Gly Asn Leu Leu Phe Thr Asn 
Trp 

275 
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280 285 
etc aac tat tac gtc tac cag ate 
acg cca tac gat eta egg cac atg 
912 

Leu Asn Tyr Tyr Val Tyr Gin lie 
Thr Pro Tyr Asp Leu Arg His 
Met 

290 295 

300 

aat cca acg ctg gat taa 
930 

Asn Pro Thr Leu Asp 
305 

[0 1 14] 
<210> 26 
<211> 309 
<212> PRT 
<213> Escherichia coli 
<400> 26 

Met Pro lie Arg Val Pro Asp Glu 
Leu Pro Ala Val Asn Phe Leu 
Arg 

•1 5 
10 15 
Glu Glu Asn Val Phe Val Met 
Thr Thr Ser Arg Ala Ser Gly Gin 
Glu 

20 

25 30 
lie Arg Pro Leu Lys Val Leu lie 
Leu Asn Leu Met Pro Lys Lys 
lie 

35 

40 45 
Glu Thr Glu Asn Gin Phe Leu 
Arg Leu Leu Ser Asn Ser Pro 
Leu Gin 

50 55 

60 

Val Asp lie Gin Leu Leu Arg lie 
Asp Ser Arg Glu Ser Arg Asn 
Thr 

65 70 
75 80 
Pro Ala Glu His Leu Asn Asn 
Phe Tyr Cys Asn Phe Glu Asp 
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[0114] 

<210>26 

<211>309 

<212>PRT 

<21 3>Escherichiacoli 

<400>26 

MetProlleArgValProAspGluLeuProAlaValAsnPh 
eLeuArg 

1 5 10 

15 

GluGluAsnValPheValMetThrThrSerArgAlaSerGI 
yGlnGlu 

20 25 
30 

HeArgProLeuLysValLeulleLeuAsnLeuMetProLy 
s Lys lie 

35 40 
45 

GluThrGluAsnGlnPheLeuArgLeuLeuSerAsnSer 
ProLeuGIn 

50 55 
60 

ValAsplleGlnLeuLeuArglleAspSerArgGluSerAr 
gAsnThr 

65 70 
75 80 
ProAlaGluHisLeuAsnAsnPheTyrCysAsnPheGlu 
AsplleGIn 

85 90 
95 

AspGlnAsnPheAspGlyLeulleValThrGlyAlaProL 
euGlyLeu 

100 105 
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lie Gin 110 

85 ValGluPheAsnAspValAlaTyrTrpProGlnlleLysGIn 

90 95 ValLeu 

Asp Gin Asn Phe Asp Gly Leu 115 120 

lie Val Thr Gly Ala Pro Leu Gly 125 

Leu GluTrpSerLysAspHisValThrSerThrLeuPheValC 

100 ysTrpAla 

105 110 130 135 

Val Glu Phe Asn Asp Val Ala 140 

Tyr Trp Pro Gin He Lys Gin Val ValGlnAlaAlaLeuAsnlleLeuTyrGlylleProLysGInT 

Leu hrArg 

115 145 150 

120 125 155 160 

Glu Trp Ser Lys Asp His Val Thr ThrGluLysLeuSerGlyValTyrGluHisHislleLeuHis 

Ser Thr Leu Phe Val Cys Trp ProHis 

Ala 165 170 

130 135 175 

140 AlaLeuLeuThrArgGlyPheAspAspSerPheLeuAla 

Val Gin Ala Ala Leu Asn lie Leu ProHisSer 

Tyr Gly lie Pro Lys Gin Thr Arg 180 185 

145 150 190 

155 160 ArgTyrAlaAspPheProAlaAlaLeulleArgAspTyrTh 

Thr Glu Lys Leu Ser Gly Val Tyr rAspLeu 

Glu His His lie Leu His Pro His 195 200 

165 205 

170 175 GlulleLeuAlaGluThrGluGluGlyAspAlaTyrLeuPh 

Ala Leu Leu Thr Arg Gly Phe eAlaSer 

Asp Asp Ser Phe Leu Ala Pro 210 215 

His Ser 220 

1 80 LysAspLysArglleAlaPheValThrGlyHisProGluTyr 

185 190 AspAla 

Arg Tyr Ala Asp Phe Pro Ala 225 230 

Ala Leu He Arg Asp Tyr Thr Asp 235 240 

Leu GlnThrLeuAlaGlnGluPhePheArgAspValGluAla 

195 GlyLeuAsp 

200 205 245 250 

Glu He Leu Ala Glu Thr Glu Glu 255 

Gly Asp Ala Tyr Leu Phe Ala ProAspValProTyrAsnTyrPheProHisAsnAspPro 

Ser GlnAsnThr 

210 215 260 265 

220 270 

Lys Asp Lys Arg He Ala Phe Val ProArgAlaSerTrpArgSerHisGlyAsnLeuLeuPheT 

Thr Gly His Pro Glu Tyr Asp Ala hrAsnTrp 

225 230 275 280 

235 240 285 

Gin Thr Leu Ala Gin Glu Phe LeuAsnTyrTyrValTyrGlnlleThrProTyrAspLeuArg 

Phe Arg Asp Val Glu Ala Gly HisMet 
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Leu Asp 

245 

250 255 
Pro Asp Val Pro Tyr Asn Tyr 
Phe Pro His Asn Asp Pro Gin 
Asn Thr 

260 

265 270 
Pro Arg Ala Ser Trp Arg Ser His 
Gly Asn Leu Leu Phe Thr Asn 
Trp 

275 

280 285 
Leu Asn Tyr Tyr Val Tyr Gin lie 
Thr Pro Tyr Asp Leu Arg His 
Met 

290 295 

300 

Asn Pro Thr Leu Asp 
305 

{■0 115] 
<210> 27 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence:primer 

<400> 27 

ccagacgcac aagaagttgt c 
21 

[0 116] 
<210> 28 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
Sequence: primer 
<400> 28 

tagatcgtat agcgtgctct ggtagac 
27 

[0 117] 
<210> 29 



•r 
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290 
300 

AsnProThrLeuAsp 
305 



295 



[0115] 

<210>27 
<211>21 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>27 

ccagacgcacaagaagttgtc 
21 



[0116] 

<210>28 
<211>27 
<212>DNA 

<21 3>ArtificialSequence 
<220> 

<223>DescriptionofArtificialSequence:primer 
<400>28 

tagatcgtatagcgtgctctggtagac 
27 



[0117] 

<210>29 
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<211> 309 

<212> PRT 

<213> Escherichia coli 

<400> 29 

Ala Met Leu Pro Val 

5 
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* 

OERWENT 

<211>309 

<212>PRT 

<21 3>Escherichiacoli 

<400>29 

AlaMetLeuProVal 

Five 
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